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This report summarizes the findings from the
second phase of a two-part analysis of
hazardous materials truck routes in the
Dallas-Fort Worth area. Phase II of this
study analyzes the risk of transporting
hazardous materials on freeways and arterial
streets in proximity to the Dallas Central
Business District. The risk assessment ap-
proach is based upon the FHWA report,
Guidelines for Establishing Criteria to
Designate Routes for Hazardous Materials.
IncTuded in this report are results from an
industry survey, a vehicle counting program,
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Executive Summary

In response to concerns for the potential consequences on an accident involving
the release of hazardous materials on congested freeways near the Dallas CBD,
the City of Dallas designated a set of arterial hazardous materials truck
routes to bypass the freeway system. Particular concern was noted by the City
in regard to elevated and depressed below grade canyon-type facilities in which
motorists have no adequate means of escape and emergency response access would
be difficult in the event of an accident involving the release of a hazardous
material.

To evaluate this routing strategy the FHWA risk assessment approach Guidelines
for Applying Criteria to Designate Routes for Transporting Hazardous Materials
was implemented. This methodology is based upon examining accident probability
and potential accident consequences along alternative routes to estimate the
relative risks of each routing alternative.

In order to establish information on the types and frequency of hazardous
materials shipments in proximity to the CBD, two data collection efforts were
completed. The first of these efforts was a survey of 1,400 local industries
and transporters requesting specific information about hazardous materials
being shipped on the alternative routes in question. To support this data, a
series of hazardous materials vehicle counts were completed on freeways
approaching the Dallas CBD. Based upon information gained from the industry
survey and vehicle counts, it is apparent that a significant number of
hazardous materials shipments occur daily on the facilities being evaluated.

The results of the FHWA risk assessment approach indicated that the freeway
system represented less risk overall than the arterial street routes due to
higher arterial accident rates and greater exposure levels on the arterial
segments. A further analysis of the arterial routing system for factors not
fully quantified 1in the risk assessment identified special populations, retail
and recreation areas, local businesses and industries located directly adjacent
to the arterial routes which would 1ikely be impacted by a hazardous materials
accident. Further wuse of the arterial routes involve freeways to arterial
ramps, at-grade intersections and railroad crossings, undivided narrow streets,
tunnels, and facilities with a high frequency of curb cuts, all of which
increase the 1likelihood of accidents.

Based upon the results of the risk assessment and field survey of the arterial
routes, the findings from this study do not support the use of the arterial
routes for hazardous materials shipments to improve overall public safety.
Significant concerns remain however, regarding the potential risks to motorists
in the event of an accidental release of hazardous materials on the freeway
system.

Safety programs involving hazardous materials truck driver training, licensing
and certification, vehicle inspection and maintenance, freeway operations and
safety design, emergency response personnel training, equipment acquisition,
and police enforcement should be further evaluated to reduce the risk of
hazardous materials shipments and improve the safety of the freeway system.



CHAPTER I
INTRODUCTION

In 1978 the Dallas City Council amended existing city codes to prohibit trucks
transporting hazardous materials from using depressed and elevated portions of
Interstate Highways 30 and 45 near the Dallas Central Business District (CBD).
The ordinance was developed in response to concerns about the potential
consequences of a hazardous materials spill in areas where emergency vehicle
access would be limited, and motorists could be trapped with no adequate means

of escape.
The restricted Interstate facilities shown in Figure 1 include:

1) the depressed section of Interstate Highway 30 (R. L. Thornton
Freeway) from Interstate 35E (Stemmons Freeway) to the Oakland

Overpass; and

2) the elevated portion of Interstate 45 (Julius Schepps Freeway) from

Bryan Street Underpass to Lamar Street Underpass.

In order to facilitate the movement of hazardous materials near the Dallas
c8D, the City of Dallas specified a set of arterial routes to bypass the

restricted Interstate facilities. These routes are shown in Figure 2.

In September of 1982 the City of Dallas began signing, monitoring, and
enforcing hazardous materials routes. The hazardous materials truck route
ordinance established by the City of Dallas also specified that through

shipments of hazardous materials should use the outer Tloop of Interstate



FIGURE 1
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FIGURE 2
ARTERIAL ROUTES
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Highways 635 and 35E and the connecting freeway segments of Loop 12 and Spur
408.

Work completed in January of 1984 on the Phase I study, Development of Regional

Hazardous Materials Truck Routes, supported the previous actions by the City of

Dallas in selecting the outer freeway 1loop for through shipments in Dallas

County. A copy of the Dallas Routing Ordinance is provided in Appendix A,

The purpose of this study is to utilize the risk assessment approach as

outlined in the Federal Highway Administration Report Guidelines for Applying

Criteria to Designate Routes for Transporting Hazardous Materials to analyze

and compare the risk associated with hazardous materials shipments on the
restricted Interstate highways to the arterial bypass routes near the Dallas

cep. (1)

It is important to note that while the Dallas city ordinance only specifies
I.H. 30 and I.H. 45 as the prohibited freeway sections, the current signing in
place effectively prohibits shipments on all of the freeways surrounding the
Dallas CBD. This includes I.H. 35E (Stemmons), I.H. 30 (R. L. Thornton), U.S.
75/1.H. 345, I.H. 45, and S.H. 366 (Woodall Rogers).

The analysis conducted for this study estimates the risk associated with all of

the freeways surrounding the Dallas CBD relative to the arterial bypass routes.

Study Approach

The FHWA Guidelines, as with the Phase I Regional Through-Routing Study,
provided the basic framework for evaluating the alternative routes near the

Dallas CBD. Due to the complexity of issues regarding the selection of routes

I-4



near downtown Dallas, several enhancements were made to the FHWA risk
assessment approach. These improvements included both modifications to the
risk assessment algorithm and the collection of detailed information regarding
the types and quantities of materials being shipped in proximity to the Dallas
CBD. Seven project tasks were completed as part of this analysis. These
included:

1) Enhancement of the Risk Assessment Algorithm;

2) Inventory/Survey of Industries Shipping Hazardous Materials in Dallas;

3) Hazardous Materials Vehicle Counts;

4) Review of Hazardous Materials Truck Accidents Information;

5) Implementation of Risk Algorithm; |

6) Review of Subjective Routing Factors; and

7) Recommendations for Safety Improvement Programs and Further Analysis.
A project flowchart designated by the FHWA Guidelines and used for this
analysis is provided in Figure 3. The enhancements made to the study process

are also included in the flowchart.

In order to assist in the implementation of this effort, a technical review
committee was assembled from various City of Dallas departments: Police, Fire,
Emergency Preparedness, Transportation, and Streets and Sanitation. The
committee also included a representative from the Dallas Chamber of Commerce
subcommittee on hazardous materials. - This group reviewed the initial study
design,} industry survey, preliminary findings regarding the data assembled, and

the final study results.



FIGURE 3
'FHWA HAZARDOUS MATERIALS ROUTING PROCEDURE
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CHAPTER II
ENHANCEMENT TO THE RISK ASSESSMENT ALGORITHM

The risk associated with transporting hazardous materials as defined by the
FHWA Guidelines can be calculated by combining the estimated probability of a
hazardous materials accident with the potential consequences of that accident
should it occur. For both the Regional Through-Routing Study and this
analysis, the probability of a hazardous materials truck accident was
calculated by using an average annual number of semi-tractor/trailer accidents
and average annual traffic volume. The two values for each analysis segment
were combined to estimate the probability of a truck accident per million
vehicle miles. The regional analysis used truck accident data for three years,
1980 through 1982, provided by the State Department of Highways and Public
Transportation. This analysis is based upon an expanded data base of five
years, 1980 through 1984. The average annual semi-tractor/trailer accident
data for the freeway segments was again provided by the SDHPT. Data for the
arterial street segments were gathered for the same time period from the City
of Dallas annual accident summaries. Since both of the data sources are built

from the same accident reports, the data are believed to be comparable.

Accident consequence 1is defined as the number of individuals who live or work
within a potential 1impact area of a hazardous materials accident. For this
application two significant modifications were made to the consequence

algorithm to address specific issues of this analysis.

A major concern regarding hazardous materials being shipped on the Interstate
facilities near the Dallas CBD was the potential for motorists to be trapped

either on elevated portions of the freeway or in the depressed canyon-type



segments of the freeway without a means of escape. This analysis included an
estimate of the potential number of motorists within a potential impact area of
a hazardous materials accident, as well as the population and employment within

that impact area.

Due to the significant differences in the amount of activity (employment) and
travel during the day versus night in downtown Dallas, the risk assessment
algorithm was modified to examine potential accident consequences for both the
day and night periods. Several cities have developed truck routes with time of
day restrictions. This analysis examines the alternative routes by time of

day.

A more detailed description of the motor vehicle occupant exposure algorithm
and time-of-day analysis 1is provided in the risk assessment implementation

section of this report.



CHAPTER III
INVENTORY OF INDUSTRIES SHIPPING HAZARDOUS MATERIALS IN DALLAS

In order to establish the types and quantities of hazardous materials being
shipped 1in proximity to the Dallas CBD and, in turn, to arrive at a better
understanding of the magnitude of risk and potential impacts of the routing

alternatives, three data collection efforts were carried out.

The first of these was to assemble information from industries in Dallas and
the surrounding communities about the type, quantity, and frequency of
hazardous shipments by 1local industries on the freeway and arterial segments

being analyzed in this study.

The inventory began by assembling available information from local, state, and
federal agencies. Initial emphasis was placed on working with the City of
Dallas Fire, Emergency Preparedness, Streets and Sanitation, and Water Utility
Departments to assemble data which had been collected locally into a single
data base. This information was augmented by available data from state and
federal sources, including the Texas Department of Water Resources, the U, S.
DOT Materials Transportation Bureau, and the U. S. Environmental Protection
Agency. Private sources of information regarding the transportation of

hazardous materials were not available.

The data were screened to identify the most useful information for this effort.
Much of the information available through public agencies was of limited use
since it was collected to fulfill regulatory and reporting requirements of the
respective agencies, rather than the identification of the hazardous materials
being transported. This necessitated contacting local industries and shipping

firms to secure additional information.



In order to acquire this information industries in the Dallas area were asked
to participate in a survey. The following sources were reviewed to create the
master 1ist of approximately 10,000 firms, from which a sample of industries
were selected to receive a survey;
1)  Information obtained from meetings with City of Dallas Fire Department
personnel;
2) Dallas Water Utilities' Master List of industrial waste dischargers;
3) NCTCOG's Regional Industrial Waste Management Study;
4) Texas Department of Water Resources Registration Master File of
hazardous waste generators; |
5) D/FW Council of Safety Professionals;
6) Dun and Bradstreet Employment Data; and
7)  Southwestern Bells' Yellow Pages for the City of Dallas.

From this 1list of firms, 1,400 establishments in the Dallas-Fort Worth area

were selected to receive the survey.

The majority of firms were located in Dallas or Dallas County. Table 1 lists
the type of firms as classified by the Standard Industrial Classification Codes
(SIC) which were surveyed. Also shown in Table 1 is the size of firms and the
geographic 1location of firms included in the survey. For example, all firms in
the SIC group 07 through 40 listed in Table 1 with more than 100 employees and
located in Dallas County were surveyed. A1l the firms in the SIC group 10
(Motor Freight Transportation and Warehousing) with more than 10 employees,
located 1in the Da]lasfFort Worth metropolitan area were surveyed. A copy of

the survey form mailed to the local industries is provided in Appendix B.



TABLE 1

SUMMARY OF INDUSTRIES SURVEYED FROM
DUN & BRADSTREET DATA

SIC Number of Location
Industry Type Code Employees
AGRICULTURAL SERVICES 07 >100 Dallas County
MANUFACTURING >100 Dallas County
Food & Kindred Products 20 >100 Dallas County
Tobacco Manufacturers 21 >100 Dallas County
Textile Mill Products 22 >100 Dallas County
Apparel & Finished Products 23 >100 Dallas County
Lumber & Wood Products 24 >100 Dallas County
Furniture 25 >100 Dallas County
Paper & Allied Products 26 >100 Dallas County
Printing & Publishing 27 >100 Dallas County
Chemicals & Allied Products 28 >100 Dallas County
Petroleum & Refining 29 >100 Dallas County
Rubber & Miscellaneous Plastics 30 >100 Dallas County
Leather & Leather Products 31 >100 Dallas County
Stone, Clay, Glass & Concrete 32 >100 Dallas County
Primary Metal Industries 33 >100 Dallas County
Fabricated Metal Products 34 >100 Dallas County
Machinery 35 >100 Dallas County
Electrical Equipment 36 >100 Dallas County
Transportation Equipment 37 >100 Dallas County
Instruments 38 >100 Dallas County
Miscellaneous 39 >100 Dallas County
RAILROAD TRANSPORTATION 40 >100
MOTOR FREIGHT TRANSPORTATION & 42 > 10 Dallas-Fort
WAREHOUSING Worth Area
PIPE LINES 46 >100 Dallas County
TRANSPORTATION SERVICES 47 >100 Dallas County
ELECTRIC, GAS, & SANITARY SERVICES - 49 >100 Dallas County
WHOLESALE TRADE NON-DURABLE GOODS >100 Dallas County
Chemicals & Allied Product 516 > 10 Dallas-Fort
Petroleum & Petroleum Products 517 > 10 Worth Area
AUTOMOTIVE DEALERS & GASOLINE 55 >100 Dallas County
SERVICE STATIONS Dallas County
AUTOMOTIVE REPAIR, SERVICE & 75 >100 Dallas County
GARAGES
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From the 1,400 surveys mailed, approximately 300 industries responded. One
hundred of these responses provided detailed information regarding the types
and quantities of hazardous materials shipped by the firm into or through

Dallas.

While this survey effort did not provide a complete set of information on the
type and quantity of materials being shipped near downtown Dallas, it did
provide information about specific operations of many of the major hazardous

materials transporters in the region.

For example, several of the major oil companies provided detailed information
on their frequency of gasoline shipments near the Dallas CBD. This data helped
to identify the potential magnitude of this problem. Combining the responses
from two of the major o0il companies indicated that as many as 25-30, 9,000
gallon shipments of gasoline from these two companies alone are traveling on
the routes 1in question near the Dallas CBD each day. The survey mailing list
of industries included 15 to 20 firms which transport gasoline on a daily basis

in the Dallas area.

The survey indicated, as well, that many different types of materials are being
shipped along the routes in question. A summary of the hazardous materials and
U.S. Department of Transportation classes of the materials which were reported

in the survey responses is provided in Table 2.

Finally the survey provided a forum for interaction with local industries
regarding the transportation and routing of hazardous materials. A number of
industries provided comments regarding the alternative routes as well as

suggestions for the analysis. The survey also provided an opportunity to meet

I11-4



TABLE 2
U. S. DOT CLASSES AND HAZARDOUS MATERIALS REPORTED IN SURVEY

DOT CLASS SHIPPING NAME
Explosives: ’

Class A Military Type
Class B Fireworks, Special
Class C Fireworks, Common
Blasting Agent N/R
Combustible Liquid Kerosene
Corrosive Material Acetic Acid

Alkaline Corrosive, Liquid N.0,S.
Battery Acid

Cleaning Compound, Liquid
Corrosive, Solid, N.0.S.
Hydrochloric Acid
Hydrofluoric Acid
Hypochlorite Solution
Liquid Cement, N.O.S.
Nitric Acid

Sodium Hydroxide

Sulfuric Acid

Flammable Liquid Acetone

Alcohol

Engine Starting Fluid
Ethanol

Fuel 011

Gasoline

Hexane

Iron Chloride Solution
Paint Waste
. Petroleum 011

Resin Solution-’

Spent Solvents

Trichloroethane

Flammable Gas Nitrogen

(Compressed)

Non-Flammable Gas €Ehlorine
Formaldehyde
Oxygen

Flammable Solid Potassium Metal

Organic Peroxide N/R

Oxidizer Aluminum Sulfate
Copper Sulfate
Ethyl Acetate

- Poison A Sodium Cyanide

Poison B N/R

Irritating Material N/R

Etiological Agent N/R

Radioactive Materials Radioactive Materials

ORM-A Trichloroethylene

ORM-8, C, O, E N/R

N/R - Not Represented in Survey Results



directly with a number of industries including the petroleum bulk terminal
operators, which was done as a follow-up to the mailing of the survey to

collect additional survey responses.

This effort highlighted the need for additional information and the
difficulties in obtaining the data. Future efforts should be made toward
establishing a single, uniform data source regarding both storage and
transportation of hazardous materials. Establishing this data would
undoubtedly provide a clearer understanding of the potential risk due to
hazardous materials shipments both in Dallas and the entire Dallas-Fort Worth

area.
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CHAPTER IV
HAZARDOUS MATERIALS VEHICLE COUNTS

While the industry survey provided detailed information regarding specific
hazardous materials shipments, it failed to provide a complete picture of the
potential number of shipments near the Dallas CBD. Hence, the decision was
made to pursue a series of hazardous materials vehicle counts on freeways
leading into the Dallas CBD area. The purpose of these counts was to establish
an estimate of the frequency and type of hazardous materials shipments being
shipped in proximity to downtown Dallas. This information, as with the
industry survey, was needed in order to address the magnitude of the problem
and to establish general knowledge regarding the characteristics of the

potential shipments on the routes being analyzed.

As shown in Figure 4, six locations were established on the freeways
surrounding the Dallas CBD. The six survey points were located outside
restricted Interstate facilities and prior to the entry or exit ramps to the
arterial (freeway bypass) routes. At these locations all vehicles entering and
exiting the CBD area on the freeway system would be counted. No effort was
made to establish if vehicles were utilizing the arterial (freeway bypass)

routes.

Four sdrvey teams of two to three men conducted the windshield survey vehicle
counts over 10, four-hour periods on the freeway system. All of the counts
were taken on weekdays over a several week period. In order to sample as much
of a 24-hour day as possible the counts were done during different time

periods. Counts were completed for 20 hours of a 24-hour period.



FIGURE 4
HAZARDOUS MATERIALS VEHICLE COUNT LOCATIONS

Interstate locations for
Hazardous Materials Vehicle
Counts - ‘s




The survey teams recorded for each vehicle (defined in this analysis as a
semi-tractor/trailer, tandem trailer or tank trailer displaying a hazardous
materials placard), the vehicle type, the U. S. DOT placard on the vehicle, the
commodity identification number, the carrier name, direction of travel, and the
time the vehicle passed the survey location. A copy of the form used to record
the vehicles and a summary of one four-hour vehicle counting session is

provided as Appendix C.

In order to establish a percentage of hazardous materials truck shipments in
relationship to all trucks, the survey teams also recorded the total number of
trucks passing the survey 1locations for two of the four hours in which the

vehicle counts were done,

Table 3 provides a summary of the total number of hazardous materials shipments
observed and the average number of shipments per hour for each survey
location. Based on the average of 11 shipments per hour per facility, it is
apparent that a significant number of hazardous materials shipments will be on

the routes in question each day.

Table 4 illustrates the percentage of truck shipments carrying hazardous
materials. As shown, the results of the vehicle counts indicated that 5.2
percent of the trucks observed on freeways near the Dallas CBD were
transporting hazardous materials. According to discussions with the American
Trucking Association, the national U.S. average for trucks carrying hazardous
materials ranges between 5-15 percent depending on the area of the
country.(2)  Hence, the 5.2 percent value observed near the Dallas CBD

appears reasonable.

In 1983 the City of Dallas estimated that approximately 11,000 trucks a day

travel on I.H. 35E; 14,000 on the common section of I.H. 30 and I.H. 35E and
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TABLE 3

AVERAGE SHIPMENTS PER HOUR BY LOCATION

Average No.
Total HazMat Hours of Shipments
Facility Location Truck Volume Counted Per Hour
I.H. 35E S1 103 8 13
I.H. 30 S2 128 8 16
I.H. 35E $3 84 8 11
I.H. 45 S4 59 8 7
I.H. 30 S5 51 4 13
u.s. 75 S6 30 4 8
Total 455 40 11
TABLE 4
PERCENTAGE OF SHIPMENTS CARRYING HAZARDOUS MATERIALS

BY LOCATION :

Total HazMat | Total Truck
Facility Location Truck Volume* Volume* % HazMat*
I.H. 35E S1 55 1,247 4.4
I.H. 30 S2 56 980 5.7
I.H. 35E S3 37 761 4.9
I.H. 45 S4 28 518 5.4
[.H. 30 S5 32 599 5.3
u.s. 75 ' s6 21 229 9.2
Total 229 4,334 5.2

* Based on twenty-hour count.
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8,900 on I.H. 30 between I.H. 35E and I.H. 45.(3) Applying the value of 5.2
percent to these estimates of 24-hour truck volumes would indicate the
potential for over 570 hazardous materials trucks on I.H. 35E, 720 on I.H. 30

and I.H. 35E, and 460 on I.H. 30 per day.

Extrapolating the hazardous materials hourly vehicle count average for each
facility 1into a 24-hour period results in a similar magnitude of hazardous
materials truck shipments. For example, the hourly rate of 13 vehicles per
hour on I.H. 35E results in a 24-hour total of 312 shipments per day. On I.H.
30 west of downtown Dallas the 16 vehicles per hour translates into 384

shipments per day.

With regard to the type of vehicle and materials observed in the vehicle
counts, 74 percent of the vehicles recorded were semi-tractor/bulk tank trailer
vehicles. 0f those tank trucks, over 70 percent were observed as placarded

combustible 1iquid 1203 (gasoline).

According to the National Tank Truck Carriers Conference, 60-70 percent of the
hazardous bulk tank shipments are gaso]ine.(ﬂ) These numbers correspond to

the shipments observed in Dallas.

A number of the DOT classes of hazardous materials, as well as specific
substances, were observed in the vehicle counts. Table 5 provides a breakdown
of the percentage of shipments observed 1in Dallas by U. S. DOT Class. As
i]]ustrated, flammable 1liquids dominated the observation. The most commonly
transported hazardous substances in the United States, in order of frequency of
transport, are listed 1in Table 6. These numbers reflect similar findings to

those matéria]s observed in the vehicle counts.
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TABLE 5

HAZARDOUS MATERIALS OBSERVED BY CLASS

IN PROXIMITY TO THE DALLAS C8D

U. S. DOT Class

Flammable Liquid

Dangerous (Class C Explosives,

or Irritants)
Corrosive
Non-flammable Gas
Poison
Flammable Gas
Flammable Solid
Organic Peroxides
Combustible Liquid
Oxidizer
Explosives
.Non-flmnnab1e Liquid

Radioactive Material

Percent of

Observation

64.09%
13.65%

10.68%
3.26%
2.67%
2.67%
0.89%
0.59%
0.30%
0.30%
0.30%
0.30%
0.30%



TABLE 6

MOST COMMONLY TRANSPORTED HAZARDOUS
MATERIALS IN THE UNITED STATES

Gasoline and jet fuel | 56%
Distillate fuel oil 34%
Anhydrous ammonia 4%
Liquified petroleum gas 2%
Paints and allied products 2%

Industrial gases (compressed and liquified) 1%

Source: David M. Baldwin, P.E., Regulation of the Movement of Hazardous
Cargoes, Final Report, May 1980.
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Close to 25 percent of the shipments recorded occurred in semi-tractor/trailer
or tandem trailers. The majority of these shipments were being hauled by
common  freight carriers, displaying only U. S. DOT warning placards.
Identification of the material in the shipments beyond the class of material

was not possible.

Table 7 provides a list of the types of materials observed in the survey. As
observed in the industry survey, a wide variety of types of materials are

transported in proximity to the Dallas CBD.

As was mentioned, the vehicle counts were taken at various times of the day in
an attempt to make an assessment as to when the majority of shipments were
occurring. Responses from the industry survey regarding time of shipments
varied dramatically. A large number of the responses indicated that shipments
only occurred between the hours of 8 a.m. and 5 p.m. due to the need for pick
up/delivery during work hours. The bulk gasoline shippers indicated, however,

that their shipments are made 24 hours a day.

With only 40 hourly observations it is difficult to make a full assessment
regarding the frequency of shipments by time of day. The vehicle counts
indicated, however, that the highest frequency of hazardous materials shipments
were observed during the midday period while significant volumes were also
registered across the 24-hour day. Figure 5 illustrates the total number of

observed shipments by location and hour.

In summary, the vehicle counting program conducted as part of this study
revealed that, indeed, éignificant numbers of hazardous materials shipments are

traveling in proximity to the Dallas CBD. The highest percentage of bulk
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TABLE 7

HAZARDOUS MATERIALS OBSERVED IN
PROXIMITY TO THE DALLAS CBD

Gasoline

Nitrophenol

Benzoyl Peroxide
Nitro Sulphuric Acid
Carbon Dioxide
Isobutylamine

Naptha, Petroleum
Sodijum Hydrate
Tolovene

Paint

Phosphorus Trisulfide
Drier
Trifluorochloroethane
Dimethylamine

Benzoic Derivative
Zinc Ammonium Nitrite
Hydrogen Liquid
Antimony Trifluoride
Acetylene
Dicyclopentadiene
Resin Solution
Octanoyl Peroxide
Isopropanol

Propanoic Acid

Cymene

Isopropyl Alcohol
Nitrogen

Liquid Carbon Dioxide
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VEHICLES PER HOUR

FIGURE 5

OBSERVED HAZARDOUS MATERIALS
VEHICLE COUNTS BY HOUR OF DAY BY LOCATION
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shipments are gasoline or petroleum supply related. The data collected in this
effort appeared to coincide with national statistics regarding hazardous

materials shipments.
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CHAPTER V
LOCATION OF BULK STORAGE TERMINALS

Due to the large percentage of bulk gasoline shipments observed in the vehicle
counts and the high frequency of gasoline shipments reported in the industry
survey, one further data collection effort was completed. This task identified
the Tocation of the bulk gasoline storage facilities in the Dallas-Fort Worth
area. As shown in Figure 6, the majority of facilities are located
west/northwest of Dallas and north/northeast of Fort Worth. This analysis
would indicate that a large percentage of the bulk gasoline shipments traveling
in proximity to the Dallas CBD utilize I.H. 30 (R. L. Thornton) and I.H. 35E
(Stemmons) when traveling inbound to make deliveries east or south of the

Dallas CBD.
Both results of the industry survey response and vehicle counts indicate that
the highest number of gasoline shipments are occurring on I.H. 35E and I.H. 30

approaching downtown Dallas.

Summary of Data Collection Efforts

Three separate, yet related, data collection efforts were completed regarding
the types, quantity, and frequency of hazardous materials being shipped in
proximity to the Dallas CBD. These included:
1) A survey of industries shipping hazardous materials in the Dallas
area;
2) Hazardous materials vehicle counts; and
3) A 1ocationa1 analysis of gasoline bulk storage facilities in the

region.



FIGURE 6

LOCATIONS OF GASOLINE BULK STORAGE
TERMINALS IN THE DALLAS/FORT WORTH AREA
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The results of this analysis indicated that significant numbers of high volume

bulk shipments are occurring in the Dallas CBD area as well as a number of

small volume shipments being made by common freight carriers.

The majority of bulk materials shipments are gasoline or petroleum related,
traveling at all periods of the day, while a number of other types of materials

are being shipped on a regular basis through the area.

The most significant implication of these findings is that any routing strategy
implemented near the Dallas central business district has the potential for
both alleviating and creating risk. ‘For example, the potential routing of
several hundred gasoline shipments over a 24-hour period either on the freeway
or arterial routes, represents a major shift 1in Tlevels of risk between
facilities as well as travel patterns. Any decisions made regarding the
routing, emergency response, and emergency preparedness along these routes

should take into account these findings.
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CHAPTER VI
REVIEW OF HAZARDOUS MATERIALS TRUCK ACCIDENT DATA

Several sources of information were reviewed to obtain a better understanding
of the causes of hazardous materials truck accidents, the potential
consequences of these accidents and the role in which emergency response

capability may play in alleviating risk.

The first type of information gathered for this portion of the study was
provided by the Materials Transportation Bureau of the U.S. DOT. This
information, in the form of a computer printout, summarized all of the
hazardous materials related dincidents and accidents for communities in the
Dallas-Fort Worth area between 1971 and March 25, 1985. According to the data,
1,916 incidents occurred involving the transportation of hazardous materials
via the highway related mode during this time period. An incident is defined
in MTB data as an occurrence which results 1in the spill or release of a
hazardous material. This might be a drum rolling off a loading dock and

spilling or a truck tank leaking materials.

For the same time period the MIB data reported 17 highway accidents which
resulted in the release of a hazardous material in the Dallas-Fort Worth area.
An accident is the release of a hazardous material during transport caused by a
vehicle accident, such as a multiple vehicle collision or a truck colliding

with a fixed object.

While there 1is considerable concern regarding the completeness of the MTB data
due to the several known accidents which have occurred locally during this time
period, but which do not appear in the data, a summary of the highway accidents

reported for the Dallas-Fort Worth area is shown in Table 8.



¢-IA

DATE LOCATION

06/21/T5 ARLIGNTON TX
10/25/75 DALLAS TX
04/16/78 DALLAS TX
11/21/78 DALLAS TX
08/20/79 DALLAS TX
09/25/80 DALLAS TX
10/17/80 DALLAS TX
03/07/75 DALLAS TX
06/28/77 DALLAS TX
01/12/82 DALLAS TX
03/17/76 FORT WORTH TX
07/21/80 FORT WORTH TX
01/29/82 FORT WORTH TX

TABLE 8

SUMMARY OF HAZARDOUS MATERIALS ACCIDENTS
AS REPORTED BY THE MATERIALS TRANSPORTATION BUREAU OF
THE US DOT FOR DALLAS-FT. WORTH FAQM 137{-1985

CARRIER

CONTINENTAL OIL COMPANY
AMERICAN FARM LINES
NAVAHD FREIGHT LINES
OIL TRANSPORT COMPANY
CONSOLIDATED FREIGHTWAYS

CANGO CORPDRATION

DIL TRANSPORT COMPANY
SOUTHLAND DISTRIBUTION
ASHLAND CHEMICAL COMPANY
BULF OIL COMAPNY USA

COMMODITY

COMBUSTIBLE LIGUID NOS

ACID LIGUID NDS
HYDROCHLORIC ACID
GRSOL INE

STYRENE MONOMER
ALCOHOL NOS
BASOLINE
FLAMMABLE LIQUID

FLAMMABLE LIQUID NOS

GASOLINE

CHEMICAL LEAMAN TANK LINE SODIUM HYDROXIDE
GROENDYKE TRANSPORT INC. GRSOLINE

CONGCD INC,

GASOLINE

11/20/80 GRAND PRARIE TX CHEMICAL EXPRESS CRRRIERS AVIATION JET FUEL
CHEMICAL EXPRESS CARRIERS GASDLINE

10/08/73 IRVING TX
04/28/75 TRVING TX
08/18/76 PLAND TX

*During the same time period MTB reported 1,913 "Incidents" regarding hazardous materials
roadway shipments in the Dallas-Fort Worth area.

EXXON COMPANY

RRKANSAS-BEST FREIGHT

BASOLINE
LIQUID CEMENT

**Data reported from 1971 through March 25, 1985

ZLASS

COMBUSTIBLE LIQUID
CORROSIVE
CORROSIVE
FLAMMABLE LIGUID
FLAMMABLE LIOUID
FLAMMABLE LIQUID
FLAMMABLE LIGUID
FLAMMABLE LIGUID
FLAMMABLE LIGUID
FLAMMABLE LIOWID
CORROSIVE
FLAMMARLE LIOUID
FLAMMABLE LIGUID
FLAMMABLE LIOUID
FLAMMABLE LIDUID
FLAMMABLE LIGUID

ANTLAT

MR

NA

200 BALLONS
371 GALLONS
10 GALLONS
55 GRLLONS
1134 GR_LONS
NA

SO0 BALLONS
250 GRLLDNS
20 GALLONS
S6e8 GRLLONS
20 SALLONS
3300 GALLONS
NA

NA

FLAMMABLE LIQUID NOS 1 01,

INURIES DEATHE [EE7

o oo

S OO DO 0o OO

e T e s T oo

$3000, 00
$3,516.00
$0
$3,832.00
$5.00

$0

$1, 163,00

$44, 0§40, 00
$0

$c00, 00
$8, 500, 00
$1800., 00
$100, 00, 00
$371.00
$8000, 00
$25.00



The most significant factor to be noted in this data is that the majority of
accidents involved the release of flammable liquids such as gasoline, alcohol
and jet fuel. Recalling that these types of materials represented the majority
of bulk tank shipments observed in Dallas, the data appeared to coincide with

earlier findings regarding hazardous materials shipments.

A second type of information obtained for this study was accident reports
provided by the National Transportation Safety Board of the U.S. DOT and press
information from recent truck accidents which have occurred locally. The
reports describe accidents which involved hazardous material truck shipments.

A list of those documents reviewed for this analysis is provided in Figure 7.

A summary of the information examined for each of these reports is shown in
Table 9. This information included the type and quantity of the material
released; an estimate of the impact area, based upon the spill map or
information provided in the report; the result of the spill (fire, gas cloud,
etc.); the number of fatalities and injuries; how soon after the incident that
the exposure occurred which either killed or injured persons in the area; if an
emergency response within five minutes of the accident could have alleviated
the fatalities or injuries; and if, as a result of the accident, an evacuation

of the area was needed.

The results of this examination with regard to accident consequence and
emergency response are clear. In the majority of cases the fatalities and
injuries as a result of the accident occurred simultaneously to the release of
the material. In each case the release of the material either resulted in

severe fires or fumes causing the deaths or injuries.
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10.

FIGURE 7

LIST OF HAZARDOUS MATERIALS ACCIDENTS REVIEWED

NTSB-HAR-76-04 Surtigas, S. A., Tank-Semitrailer Overturn, Explosion, and
Fire, Near Eagle Pass, Texas, 4/29/75.

NTSB-HAR-77-01 Transport Company of Texas, Tractor-Semitrailer (Tank)
Collision with Bridge Column and Sudden Dispersal of Anhydrous Amonia
Cargo, I.H. 610 at Southwest Freeway, Houston, Texas, 5/11/76,

NTSB-HSM Map-80-7 Gasoline Release from Highway Tank Truck/Tank Trailer,
Los Angeles, California, 3/3/80.

NTSB-HIM Map-82-2 Gasoline Release Following Freight Train Collision with
Cargo Tank Semi-Trailer, near Charlotte, North Carolina, 10/29/80.

NTSB-HIM Map-82-1 Gasoline Release Following Freight Train Collision with
Cargo Tank Semi-Trailer, Huntsville, Alabama, 9/15/81.

NTSB-HZIM Map-83-1 Gasoline Release Following Semi-Trailer Collision with
Cargo Tank Semi-Trailer Near Canyon City, Colorado, 10/14/81.

NTSB-HIM Map-83-2 Gasoline Release Following Commute Train Collision with
Cargo Tank Semi-Trailer, South Hampton, Pennsylvania, 1/2/82.

NTSB-HAR-83-1 Multiple Vehicle Collisions and Fire, Caldecott Tunnel, MNear
Oakland, California, 4/7/82.

. Gasoline Release Following Cargo Tank Semi-Trailer Collision with

Automobile on I.H. 30, Dallas, Texas, 7/2/83, as reported by Dallas Morning
News, 6/3/83.

Gasoline Release Following Cargo Tank Collision with Dump Truck on

S.H., 114, Irving, Texas, 3/17/83, as reported by Dallas Morning News,
3/17/83.
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SUMMARY OF HAZARDOUS MATERIALS ACCIDENTS REVIEWED

TABLE 9

Consequence of Accident

Could
. Time of Emergency
Hazardous | Quantity of Result Fatal- Response Was
Highway Accident Involving Material Material Impact | of Fatal- ities/ Have Sgved | Evacuation
Hazardous Material Released Released Area Spﬂl3 ities Injuries | Injuries?®] Lives? Needed? Source?
Truck Accident LPG 8,748 1,600 Fire 16 35 Instan- No No 1
Eagle Pass, TX April 2, 1982 Gallons Feet taneous
Truck Accident . Anhydrous | 7,509 2,000 Fumes 6 178 3-5 No No 2
Houston, TX May 11, 1976 Ammonia Gallons Feet Minutes
Truck Accident Gasoline 8,981 600 Fire 5 2 5 No No 3
Los Angeles, CA March 3, 1980 Gallons Feet Minutes
Truck/Train Accident Gasoline 8,800 1,100 Fire 1 3 Instan- No No 4
Charlotte, NC Nov. 29, 1980 Gallons Feet taneous
Truck/Train Accident Gasoline 8,986 600 Fire 7 4 7 No Yes! 5
Huntsville, AL Sept. 15, 1981 Gallons Feet seconds
Truck Accident Gasoline 8,988 400 Fire 8 2 Instan- No No 6
Canyon City, CO Nov. 14, 1981 Gallons Feet taneous
Truck/Train Accident Gasoline 7,900 150 Fire 1 5 Instan- No No 7
Southampton, PA  Jan. 2, 1982 Gallons Feet taneous
Truck Accident Gasoline 8,800 3,300 Fire 7 2 -3 . No No 8
Oakland, CA April 7, 1982 Gallons Feet Minutes '
(Tunnel)

Truck Accident Gasoline N/A 400 Fire 2 - 0 3-5 No No 9
Dallas, TX July 7, 1983 Feet Minutes
Truck Accident Gasoline 8,220 N/A Fire 0 2 Instan- No No 10
Irving, TX - March 17, 1983 Gallons taneous

1 pue to presence of other materials on the train

2 Corresponds to report numbers listed in Figure 7

3 Based upon interpretation of the NTSB report or press release




From an emergency response standpoint it also appeared that 1little, if
anything, could have been done to alleviate the deaths or injuries due to the

instantaneous nature in which the accidents occurred.

While all of the accidents reviewed in this list involved major releases of
hazardous materials, the implications for this analysis based upon these

accidents reports are substantial.

A large percentage of the shipments near the Dallas CBD were observed to be
bulk gasoline tank shipments, as were those reviewed in this study.
Fortunately an accident of the type and magnitude described in these reports
has not happened near the Dallas CBD during high volume traffic conditions but
the possibility clearly exists. Given the right circumstances, the end results

could be even more catastrophic than those listed in Table 9.

An important point to note, however, 1is that emergency response to the
incident, based wupon this analysis, would probably not alleviate the immediate
injuries or loss of Tlives, The instantaneous nature of the accident would
likely precede any current capabilities or technologies to mitigate the

immediate impact of the accident.

Whether an accident happens on the freeways or arterial streets being examined
in this Study, it 1is 1likely that should a major explosion or release of
hazardous material occur, injuries and/or deaths will result before any
emergency response efforts can be taken. This is not to imply that emergency
response to an incident does not play an important role in the control of an

incident, including evacuations, containment of the fire, and clean up.



The analogy often used regarding an accident of this type is that hazardous
materials release would be similar to that of a bomb exploding. Once the

explosion has occurred, 1little can be done to lessen its impact.

Based upon these findings it is essential that the risk assessment used for
this analysis algorithm take into account the potential consequences of this
type of accident. The first persons impacted will 1ikely be the vehicle
motorist sharing the facility with the trucks. While this problem may be more
acute on freeways due to the higher traffic volume and densities, the decision
was made to include an estimate of the potential number of motor vehicle
occupants which may fall within an 1impact area of an accident on both the

freeway and arterial routes in the consequence exposure algorithm.

A complete summary of the approach used to include motor vehicle occupants in

the risk algorithm is provided in the risk assessment discussion.

A second area of concern regarding the potential consequences of an accident
lies in the exposure to pedestrians and individuals occupying adjacent
properties along the alternative routes. Given the results of this analysis,
while motor vehicle occupants may be the initial exposures to an accident,
particularly on freeways, pedestrians and people occupying residential,
commercial, and dindustrial establishments directly adjacent to the routes will
likely be impacted as well in the event of a major explosion. Due to the
existence of these type of properties fronting a v]arge percentage of the
arterials being examined 1in this analysis, this problem is likely to be of

greater consequence along the arterial street routes.



While the risk assessment algorithm does take into account population and

employment along the routes, it does not specifically address the presence of

commercial or recreational type establishments.

Detailed data were not available for this study to quantify this factor in the
risk assessment; however, a field survey of properties directly adjacent to the
alternative routes was completed. A summary of findings from this field survey

is included in this document.

The risk assessment algorithm used for this analysis calculates the probability
of all trucks accidents on both freeways and arterials based upon historical
truck accident data. A factor of concern not fully accounted for in this study
is potential hazardous materials accident severity on freeway routes versus
arterial streets. Each of the hazardous materials accidents reviewed for this
study occurred either on highway facilities or at railroad crossings and
resulted in extensive hazardous materials releases causing major fires or gas

clouds.

The question remains with regard to potential accident severity on arterial
streets. Arterial street accident probability rates are traditionally much
highér due to the presence of intersections, traffic signals, curb cuts, and
other factors resulting in traffic conflicts. Average speeds, however, are
normally lower on arterial streets due to speed limits, traffic signals, and

geometrics suggesting that accident severity may be less on arterial streets.

To address these issues, a report published by the U.S. Department of Energy in

1978 regarding the risk of transporting gasoline by truck was obtained.
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Because a large percentage of the hazardous materials shipments observed near

the Dallas CBD were transporting gasoline, this report was informative.

It is difficult to summarize all of the information provided in this document,
and interested parties are encouraged to examine the report in its entirety.
However, the report contains several types of information regarding gasoline
releases from tank trucks which address the issues related to the risk on

arterial streets versus freeways.

It is estimated in this document that over 90 percent of the accidental
gasoline releases occur from tank puncture, impact, or abrasion to the tank
vehicle.(3) If vehicle speed is assumed to be a factor which coincides with
accident severity, the data regarding relationships between vehicle speed and

the threshold levels for the accidental release of gasoline are informative.

The results of research done in the preparation of the DOE report indicated
that for a semi-tractor trailer tank to fail and rupture due to the impact of

an accident, a velocity change of 23.6 mph in an end-on impact would be

required. A velocity change of 18.7 mph is required when the tank is struck

from the side,

The report also indicated that speeds ranging from 20 to 32 mph, depending on
the road surface and condition of the tank as it comes in contact with road

surfaces, would cause tank failure should the tank overturn.

The report further estimates that a tank moving at speeds as low as 1 mph

coming in contact with a fixed object of a few inches in length can cause

puncture to the tank.
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Translating this information into the question regarding speed on freeways and
arterial streets, it js apparent that both types of facilities share the
potential for release of gasoline due to %mpact, abrasion, and puncture which

may occur in an accident.

Recent estimates of average speeds for both freeways and arterials, as part of
the NCTCOG Regional Travel Forecasts, indicate that the average speed on
freeways 1in Dallas 1is approximately 55 mph, while arterial speeds are 30 mph.
C]eér]y the potential exists for a tank truck traveling on either freeways or
arterial streets to collide with a fixed object or a moving vehicle at speeds

equal to or in excess of those described in the DOE report.

With regard to the frequency of truck accidents in relationship to vehicle
speed, Table 10 provided by the DOE report shows a breakdown of the fraction of
truck accidents in various speed ranges. These data represent an analysis of
10,838 truck accidents in the State of Texas. Based upon this information, the

frequency of accidents is fairly well distributed over all speed ranges.

In the analysis of specific facility types and type of accidents, again both
the freeway and arterials share the 1likelihood of accidents. Vehicles
colliding with tank trucks either from the rear or side could occur on both
types of facilities. However, the high number of intersections and curb cuts
along the arterial street network dincrease the 1likelihood of this type of

accident.

Tank abrasion as a result of a vehicle overturn onto the road surface is most
1ikely to occur in higher speed situations in which tank trucks are forced to

make rapid changes in direction either to avoid other vehicles or to negotiate
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TABLE 10

TRUCK ACCIDENTS AS A FUNCTION
OF PRE-ACCIDENT SPEED

Speed Range Fraction of All Accidents
Stop 0.058
1-10 0.321
11-20 0.157
21-30 0.156
31-40 0.113
41-50 0.116
51-60 | 0.072
61-70 0.005
Greater than 70 0.0005

Source: Prepared for the U. S. Department of Energy, Pacifjc Northwgst
Laboratory, An Assessment of the Risk of Transporting Gasoline

by Truck, November 1978.
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roadway geometrics. While undoubtedly the majority of higher speed situations
will occur primarily on the freeway system, overturns often occur on freeway
ramps. For example, an analysis of 131 tank truck accidents which occurred in
California over a one-year period indicated that 58 percent of the accidents
involved overturns.(8) Two-thirds of the tank overturns occurred in turning
or swerving maneuvers where centrifugal force as a result of load shifts was a
factor. Nearly 50 percent of the accidents involving overturns occurred on
curves or freeway ramps. Two-thirds of the ramp accidents occur when leaving

the ramp and one-third upon entering the ramp.

Near the Dallas CBD freeway curves and freeway-to-freeway ramp movements have
often been cited as locations with difficult geometrics for truck traffic. The
need to lower all truck speed limits in this area to avoid vehicle overturns

was cited in an earlier study by the City of Dallas.(3)

While vehicle overturns are not likely on the arterial street system itself, in
order to use the arterial street network hazardous materials shipments are
forced to use a number of freeway on and off ramps. Use of these facilities,
particularly for tank truck shipments, is likely to result in an increase of

vehicle overturns.

A second type of related information provided in the DOT report 1is an
evaluation of the consequences of gasoline releases. The report considered the
relative accident severity and the consequences at three types of accident
locations with regard to gasoline spills. These were (1) an unpopulated rural

area, (2) an urban freeway and (3) a four-lane urban arterial.
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The report estimates that approximately 24 percent of spills from trucks

carrying flammable 1iquids result in a fire.

Data submitted to the Bureau of Motor Carrier Safety in 1975 were analyzed to
determine the location of accidents involving spillage of flammable liquids.
The data indicated that 68.9 percent of the accidents occurred on rural
highways, 22.3 percent in business areas and 8.8 percent in residential areas.
Data included in the DOE report from truck accidents in the State of Texas
indicated that 32.7 percent of the tank truck accidents occurred on city

streets and 18.6 percent on urban freeways.

According to this report however, it is not likely that an equal percentage of

gasoline releases will occur on city streets.

In order to further establish accident severity the report examined truck
accident data from Washington State which indicated that 2.08 percent of all
truck accidents on rural highways result in a fatality while 0.47 percent of
the truck accidents in urban areas are fatal. Unfortunately the methodology
assumed that the accident environment on a urban freeway was similar to that

found on a rural highway, which is questionable.

However, following through on the analysis, the DOE report combined the truck
accidenf data from Texas and Washington State indicating that the probability
of a truck accident occurring on a city street equal to (P = 0.327) and is
fatal (P = .0047) . is equal to 1.54 x 10~3. The probability that an accident
occurs on a rural highway (P = .0487) and is fatal (P = 0.0208) is 1.21 x
102 and the probability that an accident occurs on an urban freeway (P =

0.186) and is fatal (P = 0.0208) is 3.87 x 103,

VI-13



Assuming an even distribution of truck shipments across facility types the
analysis indicates that 9.9 percent of the fatalities from gasoline spills
would occur on city streets, 24.9 percent on urban freeways and 65.2 percent on

rural highways.

While this information provides some insight into the relative accident
severity question, it is difficult to draw any significant conclusions from the
analysis due to the questions regarding the assumptions used in the DOE study,
the methodology wused to estimate accident probability, and the lack of

conclusive data to support the findings.

The DOE report also provides estimates of the probability of secondary fires to
buildings adjacent to a freeway and an arterial street as a result of a
gasoline spill. The results of this analysis indicated a signficantly higher
probability 1level of secondary 'fires in structures directly adjacent to

arterials streets as opposed to freeways.

Again, however applying information from the DOE report to the question
regarding as to the relative accident severity of a freeway accident versus an
accident on an arterial street is difficult. The problem arises out of the
number of assumptions wused in the DOE study due to lack of available data and
the 1inability to relate these assumptions to actual conditions on the freeways

and arterial streets being evaluated in Dallas.

Based upon the DOE study the following observations can be made:

° Fatalities from gasoline fires are a result of direct exposure to
radiant energy from a fire or secondary fires in adjacent vehicles and
buildings.
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° Average speed of vehicles operating on both freeways and arterial
streets in Dallas are in excess of the threshold levels outlined by
DOE which would result in tank failure and material release due to
tank puncture, impact and abrasion as a result of an accident. While
it is anticipated that vehicles traveling at higher speeds would
result in more serious accidents with a more likely chance of large
explosion and fire, no data were identified to adequately substantiate

this premise which could be factored into the risk assessment.

° The DOE report reinforces the need to consider motor vehicle occupants
in the risk assessment algorithm and the need to further evaluate
exposure to areas immediately adjacent to the arterial routing system
due to the 1likelihood of secondary fires as a result of an

accident.

Before turning to the risk assessment approach utilized for this analysis of
the Dallas routes, it 1is important to recognize the potential causes of
hazardous materials truck accidents based upon the historical accident

information reviewed.

In many instances it is difficult to clearly ascertain the exact causes of the
accidents. A dominant characteristic of these accidents however was either
truck driver error resulting in failure to negotiate the road conditions or
observe the need to take precautions or error on the part of other vehicle

operators involved in the actident causing the accident to occur.
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This characteristic of hazardous materials accidents as well as all accidents
is an important factor to consider in the routing analysis. Areas on freeways
with poor signing, vehicle weaving, poor lighting, and difficult geometrics are

1ikely to result in an increase in accidents.

Arterial streets with non-signalized intersections, curb cuts, poor lighting
and geometrics, non-signalized railroad crossings, pedestrian traffic, and on-
street parking will also likely increase éccident rates and the potential for
an accident to_ occur. While the accident probabilities based on historical
truck accident data used in risk assessment algofithm are likely to reflect

these characteristics, it is important that under any routing strategy,

attention should be given to alleviating as many accident prone conditions and

areas as possible.
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CHAPTER VII
IMPLEMENTATION OF THE RISK ASSESSMENT

The Phase I Regional Through-Routing Study detailed the risk assessment
approach associated with hazardous materials shipments which is done by
combining the probability of a hazardous materials truck accident with the
potential consequences of that accident. This concept of measuring risk as
outlined in the FHWA Guidelines was utilized for both the Regional

Through-Routing Study and this analysis of routing options near the Dallas CBD.

Several enhancements to the risk assessment algorithm were made for the Dallas
study. The following discussion summarizes the accident routing alternatives,
accident probability, and accident consequence estimates input into the risk

algorithm,

Route Segments Analyzed

In order to implement the risk assessment approacﬁ it was necessary to divide
the potential routes into freeway and arterial segments. This allowed for the
data to be collected on discrete route segments as recommended by the FHWA
Guidelines. The first step of this process was to identify the six locations
on the freeways approaching the Dallas CBD in which the entry/exit points to
the bypass arterials were established. These points numbered S1 through S6 are

shown in Figure 8.

Figure 9 shows the freeway route segments designated for this analysis. Seven
freeway segments were created based upon the location of interchanges between
the various freeways. Efforts were made to create logical segments'that would
also correspond to the truck accident data on freeway facilities received from

SDHPT,



FIGURE 8
ENTRY/EXIT POINTS TO THE CBD
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FIGURE 9

FREEWAY ROUTE SEGMENTS
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Figure 10 illustrates the arterial street segments developed for this
analysis. These segments were also broken out in logical sections for data

collection and implementation of the risk assessment.

Once the route segments were established, detailed information for each segment
was collected regarding the length of the segment, the average number of 1lanes,
and traffic volume. Information on the length and number of lanes for each
segment was compiled from the NCTCOG master thoroughfare link file. Data
regarding traffic volumes were compiled from 24-hour traffic counts for the
years 1980 through 1984 and the traffic volumes estimated in the 1980 NCTCOG

Regional Travel Forecasts.

A detailed listing of information on each route segment is provided in Appendix
D. Table 11 summarizes the segment length, average number of lanes, and daily
24-hour traffic volume assumed for each link over the past five years. The
traffic volume was used to estimate accident probability and consequences

described in the following discussion.

Accident Probability

The probability of a hazardous materials accident is defined as the likelihood
or chance that a vehicle carrying hazardous materials will be involved in a
roadway accident. As with the Regional Through-Routing Study, this analysis
utilizes the formula provided in the FHWA Guidelines to estimate accident
probability, once again substituting the average number of accidents for all

vehicles with the average number of truck accidents. The resultant formula is:

Probability of an Accident on Segment I = Annual Number of Truck

Accidentsy/(Annual Number of Vehiclesy * Segment Length)
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FIGURE 10

ARTERIAL ROUTE SEGMENTS
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TABLE 11

ROUTE SEGMENT DATA

Segment Length Number of ADT
(Miles Lanes

Arterial Segments
Al 1.31 6 22,000
A2 .70 6 24,000
A3 3.41 4 18,000
A4 1.70 4 13,000
A5 1.52 6 9,000
A6 2.36 4 8,000

Freeway Segments
F1 3.18 - 8 185,000
F2 2.34 8 184,000
F3 4.62 6 139,000
F4 7.0 6 8,000
F5 2.97 8 128,000
F6 4.79 6 107,000
F7 4.45 8 62,000
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While there was concern regarding the use of accident data from two sources to
compare the routes, it was resolved that the accident reports from each
individual accident serve as the data source for both the Dallas and SDHPT
data. The accident data provided by the state originates in the City of Dallas
and 1is then reported to the State Department of Public Safety and then on to
the SDHPT.

Some questions remain regarding the accident coding and interpretation of the
accident reports as to the type of truck that is coded from the accident
reports since the truck categories used by the City of Dallas and the SDHPT do

not correspond exactly, but this problem was not determined as significant.

Table 12 illustrates the truck accident probabilities by route segment and the

value used to estimate the accident rates.

Data regarding truck accidents for the freeway segments were provided for the
years 1980 through 1984 from the Traffic Safety Division of the SDHPT. This
data consisted of all truck tractor/trailer and truck tractor, semi-trailer
accidents summarized in one-half mile segments reported by control section and

milepost.

Truck accident data for the arterial streets were collected from the annual
mid-b]oék and intersection accident summary reports from 1980 through 1984 from
the City of Dallas traffic engineering department. Truck type data were
collected on truck or truck tractor, truck tractor and semi-trailer, and other
truck combinations, but only the truck tractor, semi-trailer data were used as

it appeared to correspond with the data reported by SDHPT.
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Mazardous Matevisls Routing 11 - Dallas CBD

TABLE 12
ESTIMATES OF TRUCK ACCIDENT PROBABILITY

R. Artsrial Segments Total  Arterial  Truck  Accidents Rverage Ad)ested fnneal finenal fccident
Street Blocks Anrwal One-tay Traffic T Probability
Accicents Nileage Voluse per miliion WT
Segeent Descriotion 1980 1981 1962 1983 1984 1980-84
fl Continental/ N Industrial blocks 100-700 0 [ 0 0 0
Industrial Continental blocks 200-400 [ [} 0 [} [
S Industrial blocks 100-300 4 [} [ 0 0
Intersections 2 0 2 1 1
Total [ 0 2 1 1 H 0.% 7480000 7180000 0.278520
R Indestrial S Industrial blocks 400-800 [ 1 (] 2 t
Intersections [ 1 1 2 2
Tokal 6 H 1 4 3 3.2 0.32 8160000 4203200 0. 7540147
A3 Industrial/ § Indestrial blocks 900-2000 2 2 1 1 1
Corinth/ S Lamar blocks 2100-4100 3 1 3 0 0
Lamar Corinth blocks 200-1000 0 ¢ [} [} 1
Intersections 2 0 1 0 3
Total 7 3 H 1 3 .2 wn 6120000 16932400 0.2077%
" Corinth/ Canton blocks 2200-2600 [] 0 0 ° [}
Central/ Corinth blocks 1100~2000 3 0 0 0 [}
Pearl Exwy/ S Central Exwy  tlocks 300-2000 [ o [ 0 [4
Canton Intersections 0 3 3 0 [}
Total H 3 3 ] () 2.2 S 4420000 7314000 0.2%218%
[~ Good Latimer/ N Good Latiser  blocks 100-700 0 0 0 0 []
fris 7S M Central Expey  blocks 1400-1700 0 0 [} [} ()
S Good Latiser  blocks 100-200 [J 0 ° [} [}
Intersections [3 4 0 2 2
Total 6 ] 0 H 3 3 .3 3060000 4063600 0. 73INH%
3 Canton/ Canton blocks 2700-3300 2 [] 1 0 0
First/ Porry/MCullos  blocks 3400~4200 1 [} 0 1 0
Second/ S Poak blocks 700-800 0 0 [ 0 0
Parry/ st Ave blocks 400-600 0 0 [ [} [}
Peak 2nd Ave blocks 400-800 [] ¢ 1 0 0
Intersections 1 1 t t 0
Total ) t 1 H 0 L6 a0 2720000 5494400 0.291205
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TABLE 12

(Continued)

B. Freswsy Seguants SoHeT ) Total Freemay Truck  Accidents fverage Total fnnual frewal Rocident

Control Sections fAnnual One-way Traffic wr Probability

§ Nalepoints fccidents Nileage Voluse por mallion W?
Fl IH 35 Stewsons 31903 =] ] 3 19 Y 2.6 .59 62900000 1.0€+08 0.245972

silepoint 16.2-17.1
Fe IH 30 In 35 Commom cs%-11  wpd0-3.4 14 7 [} 9 ]

©51060-0Aep} 3.0-13 13 1 3 u 1

c3196-03 wp1S.7-16 F4 un 23 16 13

Total L) -1 3 » 3 %.8 147 62560000 13195200 0.502765
£ H» cs-11 I 2 “ ) » [ an 41260000 1. 16408

.50 0.437006
Fé INAS csR-14 -

p17.8-20.5 9 13 ] 10 1% 10.6 3.3 27200000 95200000 0. 111384
3 M¥E KT o811 -] -4 19 2 2 21.2 1,485 43520000

064 64627200 0. 328035
f6 I S/ cs32-14  wp20.6-21 2 ] 1 3 [} -

s cAT-07 wpld.0-15 H 5 4 1 10

Total 7 s s 10 1 8.2 2395 26380000 17120100 0.094112

F1 S 366 cs1%-07 ° [] 0 3 1n ? 225 21080000 46903000 0. 143204
Hoodall Rogers pl.0-2.6 !

Adjested Nileage = Arterial Nileage sines Rasps
fnnual Traffic Voluse » Awneal Baily Traffic & 30
W= fAnnaal Traffic Volume ¢ One—tisy Maisage (Fremwiys)

Arwal Traffic Voluse ¢ Adjusted Mileage (Arterials)

fAccident Probability » Accident Rate Per Nillion WNT = (Rverage Annual Accidents / WIT) & 1000000



Table 13 illustrates accident probabilities based upon the historical truck
accident data input into the risk assessment algorithm for this study. While
the arterial probabilities were higher overall, these estimates are believed to
be extremely conservative relative to freeway accident probabilities. These
numbers reflect the 1ikelihood of both non-reporting of accidents on arterial
streets and potential problems in the vehicle classification of truck types in -

the data.

As a means of comparison, Table 13 shows accident probabilities for the same
segments, based upon the method outlined in the FHWA Guidelines for calculating
accident probability when data is not available. As can be seen, the accident
probabilities for the arterial streets are considerably higher relative to the

freeways using the FHWA method.

The majority of risk estimates were made using the probabilities based upon the
historical accident data. In order to take into account this difference in the
accident probability estimates, the FHWA accident probabilities were also input

and tested in the risk algorithm to analyze the route segments.

Accident Consequence

The consequences of a hazardous materials accident for this analysis were
estimated to equal the sum of total population, total employment and total

number of motor vehicle occupants to fall within a specified area of the

freeways and arterials.
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TABLE 13
COMPARISON OF ACCIDENT PROBABILITIES

Calculated Truck FHWA Default
Accident A11 Vehicle
Route Probabilities Accident
Segments per million vehicle Probabilities
miles per million vehicle
miles
Arterials
Al 0.279 8.7
A2 0.754 6.5
A3 0.248 6.2
A4 0.293 11.1
A5 0.737 11.3
A6 0.291 11.3
Total Arterials 0.356 9.18
Freeways
F1 0.246 3.22
F2 0.503 2.36
F3 0.438 5.38
F4 0.111 5.88
F5 0.328 2.41
F6 0.094 4.73
F7 0.149 2.59
Total Freeways 0.271 3.79
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Time of Day Analysis

Several modifications were made to the FHWA consequences algorithm. The first

of these was to estimate potential consequences by time of day.

In order to take into account the potential consequences of a hazardous
material accident during different times of the 24-hour day, and in turn to
assess the impact of potential routing options during different time periods,
an estimate of accident consequences during the day from 6 a.m. until 10 p.m.
and night 10 p.m. to 6 a.m., was completed. The decision to se]ect these two
time periods and the hours of each period was based upon substantially
different traffic volumes and employment activity in the Dallas CBD during the
day versus night periods. Due to the lack of available employment data by time
of day near the Dallas CBD, data from SDHPT permanent traffic recorders located
on I.H, 35E Stemmons Freeway, 1.6 miles S.E. of S.H. 356, Station S126, Station
147 on I.H. 30 at the S.H. 78 overpass east of the Dallas CBD, and Station 169,
on U.S. 75 1.5 miles north of I.H. 30 near downtown Dallas were analyzed for

year 1983 as a measure of overall activity near the Dallas CBD by hour.

The results of this analysis indicated that the percentage of 24-hour daily
traffic dropped below 3 percent per hour at 10 p.m. and remained below this
level until 6 a.m. when morning traffic builds up in the rush hour to over 7.8
percent at 8 a.m. After the morning peak period, traffic remains above 5
percent per hour, rises again to 7.7 percent per hour at 5 p.m., and gradually
falls to 3 percent at 10 p.m. The results of this analysis are shown in Table

14,
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TABLE 14

1983 SDHPT TRAFFIC RECORDER DATA
PERCENT TRAFFIC VOLUME BY HOUR OF DAY
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The data are shown graphically in Figure 11 where Station S148 located 0.3
miles north of U.S. 67 south of the Dallas CBD is added. Data for the years
1980, 1981, and 1982 were also analyzed and indicated using similar trends in

the percentage of traffic per hour.

Suming the total percentage of traffic from the 6 a.m.-10 p.m. day period and
the 10 p.m.-6 a.m. night period indicated that 84 percent of the traffic on
freeways occurred during the day and 16 pertent of the traffic occurred during
the night. The use of a 6 a.m.-10 p.m., 16 hour day period and 10 p.m.-6 a.m.
hour night period also represented time periods when a truck routing system
could be implemented and supported the general observation regarding traffic

volumes and activity near downtown Dallas.

In order to translate the percentage of travel activity by day and night
periods the following calculations were made. It was assumed the 84 percent of
employment activity occurred in the Dallas CBD area between the hours of 6 a.m.

and 10 p.m., and 16 percent during the night hours.

With regard to day and night population, a review 1980 U.S. Census data from 35
census tracts which fell within a potential impact area of the freeway and
arterial routes indicated that 40 percent of the residents of households in the
area were employed. The majority of this population resided to the south and
east outside of the Dallas CBD; it was not clear as to what percentage of these
employees worked in the day versus the night or the work place location.
Hence, all of the employees were assumed to work during the day; the day
population was defined. as 60 percent of the total population or the total
population minus the 40 percent employed. The night population was assumed to

equal the total population.
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FIGURE 11
FREEWAY TRAFFIC VOLUME BY HOUR OF DAY
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A recent study by the Regional Planning Office of SDHPT regarding the number of
persons entering and exiting the Dallas CBD at various hours of the day
revealed that at the 13 locations counted for a 24-hour period, with data by
hour, 94 percent of the trips entering and exiting the CBD occurred between the
hours of 6 a.m. and 10 p.m., and 6 percent the night period. The data indicate
that the 84/16 percent day to night ratio used for employment in the CBD for
this study may be a conservative estimate of this difference; a more

appropriate ratio may by 90/10 or even 95/5.

Motor Vehicle Occupants

The second modification made to the FHWA risk assessment approach was to
estimate the total number of vehicle occupants that could potentially fall
within an impact area of an accident along the freeway or arterial. This
value, once calculated for each route segment, is added to the population and

employment within the same impact area.

In order to calculate this measure the following steps were followed:

1. The average daily volumes previously estimated (shown in Table 11)
were allocated into hourly volumes based upon the annual percentage of
daily traffic per hour in 1983 from three of SDHPT's permanent
traffic recorders 1located on I.H. 35E, U.S. 75, and I.H. 30 in
proximity to downtown Dallas. (Previously shown in Table 14).

2. The average number of vehicles per hour from 6 a.m. until 10 p.m., (16
hours) and from 10 p.m. until 6 a.m. were then calculated.

3. Given the total number of vehicles per hour by time of day, the

average number of vehicles per lane per hour were then estimated.
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Given the number of vehicles per lane and capacity per lane based upon
capacities wused in NCTCOG's travel forecasting procedure and traffic
impact studies (shown in Table 15), the volume-to-capacity ratio per
lane was estimated.

Based upon a segment volume-to-capacity ratio, a level of service
factor was established for each segment. The factors used are

recoomended in the ITE Traffic _Engineering Handbook. This

relationship is illustrated in Figure 12 for freeways and Table 16 for
arterials.

Once the volume/capacity ratio and the level of service factor for
each facility were established, the estimated vehicle density per mile
was completed again from Figure 12 for freeways and Table 16 for
arterials.

The number of vehicles per lane per mile by time of day was then
multiplied by the number of 1lanes on each segment to determine the
total number of vehicles per segment per mile by day and night.

For each segment the number of vehicles was multiplied by the auto
occupancy factor of 1.32 (a calculated average automobile occupancy
used by NCTCOG 1in travel forecasting) to obtain the total number of

vehicle occupants per mile per segment.

The results of these estimates are shown for each segment for both day and

night in Table 17.

While an estimate of peak period consequences was not included in this study
due to the improbability that hazardous materials truck routes or prohibitions
would be established for peak periods only, an estimate of the average number
of vehicle occupants per mile per hour during the peak periods (7 a.m.-9 a.m.

and 4 p.m.-6 p.m.) is included for comparison.
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TABLE 15

HOURLY SERVICE VOLUME PER LANE*

(Divided or One-Way Roads)

FUNCTIONAL CLASS

FREEWAY PRINCIPAL MINOR COLLECTOR LOCAL RAMP FRONTAGE
ARTERIAL ARTERIAL

1800
1850

1875

1950
2000

550
600

650

725
800

550
600

625

700
750

450

475

500

550
575

450
475

500

550
575

1100
1200

1250

1400
1500

* SERVICE VOLUMES AT LEVEL OF SERVICE E (NCTCOG transportation models
require level of service E service volumes.
level of service C service volumes for planning purposes is suggested.
Level of service C can be obtained by taking 80% of the above level of
service E service volumes.)

ROAD
550
600

625

700
750

However, continued use of

1f Volume/Service Volume Ratio is <= 0.8 then Level of Service = A, B, or C

I1f Volume/Service Volume Ratio is 0.8 < x
If Volume/Service Volume Ratio is 0.9

<
If Volume/Service Volume Ratio is > 1.0 the Level of Service = F

<= 0.9 the Level of Service = D
x <= 1.0 then Level of Service = E



FIGURE 12

RELATIONSHIP BETWEEN V/C RATIO,
LEVEL OF SERVICE, AND
TRAFFIC DENSITY
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TABLE 16

Maximumn Lase Servics Velumes sn Urban Arterials Based on 50% Cycle
Split wied Average Density and Speed Criteria

Average
Ovenill

. Approximate
el Speed Density Volume*/
. o . Lane
SerVice mph kb vehiclewmi  vehicleskm (vehiclesh)

A »30 »48 10 6 <300

B »25 >40 20 12 500

o »20 »32 0 19 a0

D ~1$ ~24 45 28 678

E ~10 ~16 75 41 750

F <10 <16 >75 >47 Varisble
*The speed—density-volume relstionships implicit 10 this table are correct only if
wm“z::ﬁm. Average overall speed as usually measured only spprox-
imates this value.

Source: Institute of Transportation Engineers, Irqnspprtation and
Traffic _Engineering Handbook, Second Edition, 1982, pp.

473 and 494.
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TABLE 17

SUMMARY OF VEHICLE OCCUPANTS ESTIMATES

Segment Day Occupants Night Occupants Peak Hour Occupants
Per Mile Per Mile Per Mile

Arterials

Al 79 79 79

A2 79 79 79

A3 53 53 53

A4 53 53 53

A5 79 79 79

A6 53 53 53
Freeways

F1 528 106 792

F2 528 106 792

F3 396 79 594

F4 158 79 396

F5 370 106 370

F6 277 79 396

F7 106 106 106
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As illustrated in Table 17, due to the relatively low daily traffic volumes,
v/c ratios, and higher levels of service on the arterial streets, this analysis
did not indicate substantial shifts in the potential number of vehicle
occupants per mile by time of day on the arterial segment. A similar situation
is shown for the freeway segment F7 (Woodall Rogers S.H. 366). However, for
the remaining freeway segments considerable ranges of vehicle occupants

occurred in the day versus night comparison.

The implication for this analysis indicates that between the hours of 10 p.m.
and 6 a.m. the freeway facilities approach the same number of potential

exposures to motor vehicle occupants as do the arterials.

It is imperative to point out that these values represent only estimates of the
potential number of vehicle occupants under average daily optimum operating

conditions for both types of facilities. Should an accident or disruption of

the traffic flow occur, it is 1likely that these estimates may become much

higher due to traffic queuing and the resultant congestion. The values are

calculated based upon a step function which explains why many of the same
values occur for different segments. While in reality traffic acts as a
continuous flow of changing conditions, the numbers do serve to show the
relative difference between freeways and arterials by time of day. The results
of this analysis were input into the risk consequence algorithm described

further.

Impact Area and Consequence Estimates

In order to calculate the population and employment to be potentially impacted
by the freeway and arterial routes, the analysis began by assuming a one-half

mile impact radius.
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The value of one-half mile corresponds to the exposure area impact distance for
flammable and combustible 1iquids' in the FHWA Guidelines as well as the U.S.
DOT Emergency Response Guidebook for Hazardous Materials Incidents. This value
was selected initially due to the high percentage of bulk gasoline shipments

observed traveling in proximity to the Dallas CBD.

It should be noted that in the Regional Through-Routing Study a two-mile impact
distance was used due to the lack of available information regarding the types
of materials being shipped through the metropolitan area. The two-mile area
represented a worst case scenario for an accidental spill. While undoubtedly
materials with larger impact distances are being shipped neéﬁ downtown Dallas,
based upon the industry survey and vehicle counts, these shipments are 1likely

to be few in number.

The estimates of the amount of the total population and employment were made by
plotting the one-half mile exposure areas on maps of the roadway facilities
containing traffic survey zones as described in the FHWA Guidelines. The
traffic survey zones which fell within each freeway and arterial segment
exposure area were then recorded. The total population and employment for each
of the zones, based upon population data from the 1980 U.S. Census and NCTCOG's
1980 employment estimates, were then summarized for each route segment and

adjusted for time of day as described previously.

The resultant consequence estimate from this analysis for each route segment
was equal to the total population and employment to fall within a half-mile
area of the route segment plus the total number of motor vehicle occupants

within the impact area on the segment, by time of day.
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The Regional Through-Routing Study which was based only on exposure to
population and employment in consequence algorithm utilized a number of FORTRAN
and SAS computer programs to 1implement the consequence estimates, accident
probability measures and total risk assessment. For this application a series
of Lotus 1-2-3 spreadsheets were developed to calculate these values and
implement the risk assessment. This change in the analysis approach was due to
the relative small amount of data needed to implement the Dallas CBD area study
as opposed to the regional routing analysis, and the need to analyze a small
scale area but under much greater detail. This was accomplished by using the

Lotus microcomputer application.

The Summary of Findings section will illustrate a number of different analysis
approaches addressed in the study as well as changes to the many of the input
parameters in the risk assessment algorithm. The modifications were easily

made in the Lotus format.

For each freeway and arterial route segment the accident probability was

multiplied by the potential consequence to obtain a total risk measure.

The regional through-routing analysis introduced the concept of exposure miles
in which the potential accident consequence (the amount of population and
employment exposed) was multiplied by the length of the route segment. This
value is then multiplied by the accident probability to obtain a total risk
value for each link segment. The total risk for each alternative route can be
arrived at by summing the total risk value of all segments on that route., The
route with the least amount of total risk can then be identified. This method

was used for analysis of routes near the Dallas CBD.
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Recent discussions with technicians implementing the FHWA risk assessment
approach in other areas of the country, together with material from the
Research and Special Program Administration of the U.S. DOT, have indicated
that a more appropriate measure for the consequence algorithm (beyond that
provided in the FHWA Guidelines which only uses the total population and
employment along the route) was the measure of population and employment

density.

Therefore, the Dallas Phase II risk assessment was done by examining both

exposure miles times accident probability and exposures'per mile times accident

probability to obtain a total risk estimate. While this analysis allowed for
two .total risk measures to be tested by time of day in the analysis, this risk
assessment study also involved the use of multiple exposure areas and accident

probabilities.

With regard to exposure areas, while the one-half mile‘value represented the
most common occurring evacuation distance in' the "1984 Emergency Response
Guidebook," these evacuation distances represent conservative consequences
estimates, meaning that the evacuation distances are greater than most

accidents would require for the materials observed near the CBD.

In order to test the sensitivity of this variable in the risk assessment, a
one-quarter mile exposure area analysis was completed. The one-quarter mile
value was also used in a study of routes in the Portland, Oregon metropolitan
area which also wutilized the FHWA Guidelines risk assessment approach.(Z) As
pointed out in the Pdrtland study, the one-fourth mile area realistically
reflects the area adjacent to the route which would first and most

significantly be affected by an accidental release.
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The standard procedure for a fire involving a large quantity of flammable
liquid is to first evacuate the area within a radius of 1500 feet (.28 miles).
A larger evacuation (one-half mile) may be required if a pressure explosion is

anticipated or fumes/smoke threaten downwind areas.
As mentioned previously, accident probabilities based upon historical truck
accident data and accident probabilities based upon the FHWA Guidelines were

both included in this analysis.

The following is a summary of the results from the risk assessment study.
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CHAPTER VIII

RISK ASSESSMENT FINDINGS

In order to compare the total risk of freeway routes to the arterial routes, a
set of route paths from each of the six entry/exit points to all other
entry/exit points was established. This resulted in 15 two-way paths or routes
to be analyzed for the freeways and 15 for the arterials. Figure 8 (page

VII-2) illustrates again the entry/exit points identified.

For each freéway or arterial path the total risk measures on each route segment
making up that path were summed to give the total risk for each alternative
route or path. The total risk on the freeway route between two points was then
compared to the total risk on the arterial route connecting the same two

points.

The results of this comparison begin in Table 18. This analysis is a
comparison of freeway versus arterial routes using accident probabilities based
on historical accident data, an accident consequence impact area of one-half
mile, exposure miles as the consequence measure, and a 24-hour period of

analysis.

Each path that was analyzed is listed in the left hand column. For example,
the first entry is the path going from point S1 to S2. The total risk for the
freeway segment connecting points S1 to S2 is equal to 13578.98. The total
arterial risk value is shown to be 8306.81. A ratio of freeway path
risk/arterial path risk for each interchange is shown. When this ratio is less
than 1, it indicates the freeway route to be of less risk. When this value is
greater than 1, the arterial route is of less risk. In this case the arterial

is shown to be the least risk path between the two points.



TABLE 18

SUMMARY OF TOTAL RISK ASSESSMENT BRSED ON EXPOSURE MILES
' 172 MILE AREAR 24 HOUR ANALYSIS

PATHS FREEWAY RISK ARTERIAL RISK FREEWAY/ARTERIAL
RATIO OF RISK
s1-s2 13578. 98 8306. 81 1.63
S1-83 19840. 09 12287.73 1.61
S1-S4 87114.83 36840. 35 2.36
S1-85 73709. 70 127172. 11 0.58
81-S6 34405. 26 163414. 18 0. 21
82-83 6261.11 + 3980. 92 1.57
82-54 73535, 85 28533. 54 2.58
S52-85 72635.92 118865, 30 0.61
82-S6 47984. 24 155107. 37 0. 21
83-54 67274.74 24552. 62 2.74
83-85 66374. 81 114884, 38 0.58
83-S6 54245, 35 151126, 45 0. 36
S4-85 34617. 01 120875. 22 0.29
S4-S6 40204, 37 157117. 29 0.26
S5-S6 39304, 44 132302. 45 0. 30
TOTAL/2 731086. 70 1355366, 72 T 0.54
TOTAL 1462173, 40 2710733. 44 0. 54

RATIO OF RISK ) 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ 1 INDICATES FREEWAY TO BE SRAFER
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The risk values for each of the 15 freeway paths and arterial paths are shown.
This analysis dindicated that 9 out of 15 times the freeway routes were safer
while 1in six instances arterial routes showed less risk. The sum risk for the
15 path interchanges is shown as total/2. 1In order to calculate the total two-

way freeway versus arterial path risk the total/2 value is multiplied by two.

This is done to represent the total two-way risk value. For instance, the risk
value going from S2 to Sl is assumed to be equal to the value from S1 to S2,
multiplying the total/2 value by 2 results in the total risk to and from all

the interchanges.

Based upon this analysis it is shown that overall the freeway routes represent

less risk than on the arterials. Routing trucks onto the arterials represents

nearly twice the amount of total risk.

However the analysis also shows that in some instances the arterial routes are
indeed safer. In this case when traveling from S1 1located on I.H. 35E
(Stemmons) to points S2 (I.H. 30 west of CBD) S3 (I.H. 35E southwest of the
CBD) and S4 (I.H. 45 southeast of the CBD) the arterial routes are safer. When
going on routes beyond S4, the freeway becomes safer. In examining the input
data, the accident probability estimates and consequence factors are higher on
the arterial segments 1in A4, A5 and A6 near the CBD. A summary of accident
probabilities, consequences and total risk for each route segment is provided
in Appendix E. The arterial routes within S1 to S4 such as S2-S3, S2-S4, and

S3 to S4 show consistent findings.
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It is important to note that the risk assessment showed when traveling from Sl
to S5 and S1 to S6 by utilizing the Woodall Rogers, S.H. 366, (freeway segment
F7 going north of the CBD) the freeway route showed less risk. No arterial

route north of the CBD was analyzed as part of this study.

It must be emphasized that the risk values reported in these tables are not
meaningful measures individually. It is the relative risk values between the
routing options which are important. This relative risk value between the two
routing options.- for each interchange 1is developed graphically in Figure 13.

The differences in total risk for each path are shown.

While this summary will report on the findings of a number of risk assessment

simulations, the findings shown in this case remained relatively constant

throughout the analysis.

A similar analysis was completed by time of day for the day and night periods.
As shown in Table 19 the relative risk across routing segments remained
similar. Figure 14 graphically displays this analysis. Table 20 and Figure 15

provide the same analysis with similar findings for the night period.

While it was anticipated that the day versus night routing would result in a

shift in the total risk between arterials and freeways, the results of this

analysis did not support this premise.

On a segment-by-segment basis the difference between risk values for arterial
segments as compared to the same freeway segments become less during the night

period but only slightly.
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TABLE 19

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON EXPOSURE MILES

PATHS FREEWAY RISK ARTERIAL RISK FREEWAY/ARTERIAL
RATIO OF RISK

S1-82  11423.30 T eas2.59 T 1.66

51-53 17264. 59 10232, 64 1.69

S1~S4 €9494. 28 27593. 54 2. 52

81-85 57259. 60 101143, 25 0.57

51-S6 28004, 72 134874.77 0. 21

S2-53 S841. 29 3350. 05 1.74

s2-54 58070. 92 20710.95 2. 80

S2-55 56993. 21 942€0. 66 0.60

s2-S€ 39428. 02 127992. 18 0. 31

S3-54 52229. 63 17360. 90 3.01

§3-85 51151, 92 90910. 61 0. 56

83-S6 45269. 31 124642, 13 0. 36

84-85 23815. 41 92101.57 0. 26

54-86 30335. 59 125833. 09 0. 24

85-56 29254. 88 103711.88 0. 28

TOTAL/2 575836. 61 1081600. 81 T To.sz

TOTAL 1151673.22 2163201. 62 0.53

172 MILE AREA

DAY ANALYSIS

RATIO OF RISHK

> 1 INDICATES ARTERIAL TO BE SAFER

RATIO OF RISK ( 1 INDICARTES FREEWAY TO BE SAFER
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FIGURE 14
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TABLE 20

SUMMARY OF TOTAL RISK ASSESSMENT BARSED ON EXPOSURE MILES
1/2 MILE AREA NIGHT ANALYSIS

ARTERIAL RIBK FREEWAY/ARTERIAL

RATIO OF RISK

PATHS FREEWAY RISK

S1-s& 2408. 47 1553. 74 1.55
51-83 2581. 88 2289. 66 1.56
S1-54 23235. 16 12719. 12 1.83
S1-85 21118.57 36769. 10 0.57
51-S€ 7207. €1 36425. 57 0.20
S2-83 1173. 41 735. 92 1.59
S-S54 20826. 69 111€5. 38 1.87
s2-85 21321.98 35215. 36 0.61
S&-8€ 9716. 08 34871.83 0.28
S3-S4 19653, 28 10429, 46 1.88
83-85 20148. 57 34479. 44 0.58
S3-56 10889. 49 34135.91 0. 32
S4-85 16014. 81 33927. 83 0. 47
S4-S6 13315.67 34851. 37 0. 38
§5-SE 13810. 96 35508. 29 0. 39
TOTAL/2  z04S22.63 35s077.98 o.s8
TOTAL 409045, 26 710155. 96 0.58

RATIO OF RISK » 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ 1 INDICATES FREEWAY TO BE SAFER
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FIGURE 15
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The reduction in CBD employment at night, which reaches its greatest exposure
level from the arterial segment A4 (Central/Pearl Expressway - Canton Street),
causes the arterial routes to be of less risk at night, thereby causing the
freeway versus arterial segments to come closer in their total risk values

during the night period.

An estimate of the exposure miles times_ accident probability (based upon
historical data) was also done for a one-quarter mile impact area. The results
of this analysis for the 24-hour period are shown in Table 21. The results are
similar to those shown for a one-half mile impact area. While overall the
freeway routes represent 1less risk, once again when traveling S1 between
segments S2, S3, and S4 the arterial routes represent 1less risk., The
one-quarter 24-hour analysis did indicate the difference between freeway and
arterial risk to be less with a risk ratio of .7 in the one-quarter mile area
as opposed .54 in the one-half mile area study. Again this is due to a
reduction in the number of residents and employees exposed by the arterial

system. These results are shown graphically in Figure 16.

Table 22 provides a summary of the risk assessment simulations completed in
this analysis. The left-hand column indicates the simulation number and type.
The second column describes the type of accident data used to formulate the
probability estimates. The type of consequence measure, exposure/impact area
simulated énd the time period for each risk assessment simulation are shown in
columns 3, 4, and 5 respectively. The far right-hand column provides the total
freeway/arterial ratio of risk as previously defined. Risk assessment

simulations 1 through 4 correspond to results previously described.
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SUMMARY OF TOTAL RISK ASSESSMENT EASED ON EXPOSURE MILES
24 HOUR ANALYSIS

1/4 MILE ARER

TABLE 21

PATHS FREEWAY RISK ARTERIAL RISK
si-sz 5360. 86  1714.49
S1-53 7728. 44 2052, 35
S1-54 33166. 85 18442. 27
51-S5 26995. 21 34768. 90
S1-56 12851. 70 44387. 74
52-53 2367. 58 337.86
S2-54 £7805. 99 16727.78
S2-85 28065. 00 33054. 41
s2-S6 18212. 56 42673. 25
S3-S4 25438. 41 16389. 92
53-85 25697, 42 22716.55
53-S6 25797.83 42335. 39
54-85 13784. 09 36715. 69
54-S6 13884. 50 46334, 53
S5-S€ 14143, S1 30923. 44
TOTAL/2 281299, 95 399574.57
TOTAL 562599, 90 799149, 14
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FREEWAY/ARTERIAL
RATIO OF RISK

3. 13

3.77

0. 38

Q. 30

0. 46

T0.70

Q.70

RATIO OF RISK > 1 INDICRTES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ 1 INDICATES FREEWAY TO BE SAFER
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Risk assessment simulations 5 and 6 summarize the findings of day and night
analysis for a one-quarter mile area. The detailed results for route

simulations 5 and 6 are provided in Appendix F.

As described previously, a second formulation of the risk measure may be
obtained by dividing the total consequence factor (population + employment +
motor vehicle occupants) by the length of the route segment to arrive at a
density measure of exposures per mile. This value is then multiplied by the

accident probability factor to obtain total risk.

The results of this method are similar to earlier findings, however, using this

estimate indicates the freeway to be of even less risk overall. A total risk

ratio of .37 is shown in Table 22 as simulation 7. In this case the freeways
being of 1less risk, 11 out of 15 times, with the arterial routes representing

2.7 times the amount of total risk.

The results of the risk assessment wusing exposures per mile times accident
probability (based on historical accident rates) for a one-half mile area and a

24-hour analysis for each routes are provided in Appendix F.

Simulations 8 and 9 1in Table 22 provide the ratio of risk values for the day
and night periods using the risk per mile consequence measure. Again, detailed

data by route are provided in Appendix F.

The risk-per-mile times accident probability was also completed for the
one-fourth mile impact area, 24-hour, day and night analysis. Here the results
again reflected earlier findings showing interchanges S1 through S4 to be of

less risk while the system overall favored the freeway segment. The total risk
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TABLE 22

SUMMARY OF RISK ASSESSMENT SIMULATIONS

Type Type of Data Type of
of Used to Predict Consequence Exposure | Time of Freeway/Arterial
Simulation Accident Probability | Measure Area Analysis | Ratio of Risk
#1 Risk Assessment Observed Exposure 1/2 mile | 24 hour " .54
Miles
#2 Risk Assessment Observed Exposure 1/2 mile | Day .53
Miles
#3 Risk Assessment Observed Exposure 1/2 mile | Night .58
Miles
#4 Risk Assessment Observed Exposure 1/4 mile | 24 hour .70
Miles :
#5 Risk Assessment Observed Exposure 1/4 mite | Day .69
: Miles
#6 Risk Assessment Observed Exposure 1/4 mile | Night 72
Miles
#7 Risk Assessment Observed Exposures 1/2 mile | 24 hour .37
per Mile
#8 Risk Assessment Observed Expasures 1/2 mile | Day .38
. per Mile
#9 Risk Assessment Observed Exposures 1/2 mile | Night .42
per Mile
#10 Risk Assessment Observed Exposures 1/4 mile | 24 hour .59
per Mile
#11 Risk Assessment Observed Exposures 1/4 mile | Day .55
per Mile
#12 Risk Assessment Observed Exposures 1/4 mile | Night .57
per Mile
#13 Risk Assessment FHWA Default Exposure 1/2 mile | 24 hour .42
Miles
#14 Risk Assessment FHWA Default Exposure 1/4 mile | 24 hour .51
Miles
#15 Vehicle Occu- Observed Vehicle .- Day 3.79
pant Risk Occupants
#16 Vehicle Occu- Observed Vehicle .- Night 1.06
pant Risk Occupants
#17 Circuity --- Distance --- --- 1.00
Measure
#18 Risk Assess- Observed Exposure 1/2 mile | 24 hour .67
ment Minus Miles
S1-S6
$2-S6
$3-56
#19 Risk Assess- Observed Exposures 1/2 mile | 24 hour .53
ment Minus per Mile
S1-S6
$2-56
$3-56
#20 Risk Assessment Observed Exposures 1/2 mile | 24 hour .46
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ratios are shown in entries 10, 11 and 12 in Table 22. The tables and figures

detailing this analysis are included in Appendix F.

In order to represent the accident default rates and resultant probabilities
calculated using the FHWA Guidelines, the risk assessment algorithm was
implemented using the exposure miles estimate for one-half and one-quarter mile

impact area and the accident probabilities based upon the FHWA Guidelines.

Since the accident probabilities for the arterial segment were higher relative
to freeways for this analysis, it was anticipated that the total risk measure
would favor the freeway beyond previous comparable estimates. This was indeed
the result as shown in simulation 13 of Table 22. Using the one-half mile
impact area, the arterial segments showed less risk in only 3 out of 15 cases.
The overall risk ratio was lowered to .42 from the .54 value calculated in the
original one-half mile exposure miles estimate. Again, this indicates the

freeways to be over twice as safe as compared to the arterials.

This analysis was completed by a one-quarter mile area in which similar changes
in findings were obtained relative to the one-quarter mile area analysis using
the historical accident data to estimate probabilities. The detailed results
of the one-quarter mile area analysis (simulation 14) are included in Appendix

F.
For this study an analysis was completed, of the risk to vehicle occupants.

While not part of the total risk assessment, for each route segment the number

of vehicle occupants was multiplied by the accident probabi]ity for that
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segment to obtain a total risk value based solely on the exposure to vehicle
occupants, This analysis was done for the day and night periods and shown as

simulations 15 and 16 in Table 22.

As was expected the risk associated with the freeway routes is significantly
higher during the day due to the much higher daily traffic volumes with a
resultant risk ratio of 3.79. However, it is interesting to note that during
the night period the total risk values approéch being equal (1.06) overall, and

in some instances are higher on the arterial routes.

While it is not believed accurate to use this measure by itself in the analysis
of .routes due to the likelihood of exposure to the adjacent populatibns in the
event of a gas-type chemical spill, the findings support the concept of a time
of day routing in which trucks would use Interstate facilities at night and

arterial routes during the day.

An evaluation of routes was made based upon the FHWA Guidelines to compare the
additional route circuity which would occur when using the arterial routes.
The results of this assessment indicated the total overall distance for the two
routing options is equal. Therefore circuity is not believed to be a major
factor. However travel time on the arterial routes is anticipated to be much
Tonger due to speed limits, traffic signals, intersections, and congestion on
the arterial network. No further analysis of this factor has been completed in

4

this study.
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Concern was noted by NCTCOG staff regarding the lack of bypass arterial routes
on the north side of the Dallas CBD. This forced the use of arterial routes
around the south side of the CBD when traveling from S1 to S6 on the arterial
segments, and in turn raised the overall arterial risk value. An analysis of
the freeway versus arterial system without the interchange S1-S6, S2-S6, and
$3-56 portions of the routing system was also done. The results indicated that
the freeway system represented less risk overall by similar margins as shown in
simulation 18 using the consequence measure of exposure miles and simvlation 19

using exposures per mile,

A final risk assessment simulation was completed using the FHWA Guidelines'
original method for estimating accident consequence. This approach does not
include the 1length of route segment in the analysis, measuring only exposures
as opposed to exposure miles or exposures per mile. The results of the
simulation once again indicated similar results as shown in entry number 20 of
Table 22. The ratio of risk equalled .46 indicating that arterials have over
twice the amount of risk as the freeways. Risk assessment results for each

route using this approach again are provided in Appendix F.

Summary of the Risk Assessment

The results of implementing the FHWA Guidelines risk assessment indicated that
overall, the freeway facilities represent less risk. Depending on the size of
the 1impact area, the accident probability estimates used, and the risk measure,
the arterials street segment overall risk ranged from 1.4 to over 2.5 times the

amount of risk associated with the freeway paths.
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With regard to specific path interchanges, in general the arterial route
segments connecting the points S1 (I.H. 35E Stemmons) to S2 (I.H. 30), S3 (I.H.
35E) to S4 (I.H. 45) showed less risk. Once the arterial route paths involved

arterial sections A4, A5, and A6, the freeway routes were of less risk.

The findings from this phase of the analysis do not support the use of the
arterial routes for hazardous materials shipments in proximity to the Dallas
CBD. The analysis indicates that the arterials south and west of the CBD may
be of 1less risk, however, it is questionable if the use of these routes alone
would fully address the bypass routing originally desired by the City of
Dallas. Signing, implementation and enforcement of only these routes for
connecting only these points would be extremely difficult and would not appear

feasible.
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CHAPTER IX
REVIEW OF SUBJECTIVE ROUTING FACTORS

The FHWA Guidelines provide for the optional application of subjective
factors. These factors represent the input of considerations which have not
previously been quantified in the risk assessment. Further, the FHWA
Guidelines suggest the use of subjective criteria for tie-breaking decisions
where no alternative 1is clearly superior to the others. While the freeways
represented lower risk levels overall than the arterials, a further assessment

of these types of factors was completed.

As was described earlier, the exposure to motor vehicle occupants quantified in

the risk assessment algorithm represents the first and most likely initial

exposures to hazardous materials accidents. This problem is most acute on the
freeway system, particularly in areas that are depressed, canyon-type

facilities.

Along the arterial segments, motor vehicle océupants were also considered in
the risk assessment, however, exposure to properties and individuals directly
adjacent to the routes remain a significant concern. While adjacent properties
were not considered directly in the risk algorithm, a field survey along the
arterial routes was completed. The results of this survey are shown in Figure
17, illustrating the locations of major facilities along the arterial routes.
This 1is by no means a complete list of establishments, as an estimated 40-50
smaller retail estab]ishments, service stations, and warehouse operations were

also observed along the routes as well as some residential areas.
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FIGURE 17

INVENTORY OF ESTABLISHMENTS AND ACTIVITY AREAS
ON THE ARTERIAL STREET NETWORK
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Dupont Plaza/New Jail
Dallas County Jail
Farmers Market

Dallas Metro Child Care
Dallas Public Works
Sears Trucking Warehouse
Longharn Ballroom

E1 Centro Job Training
Center

Coors Plant/Warehouse
Diamond Shamrock Terminal
Procfor & Gamble

Demco Steel

Dugan Industries

Texas State Fair/Cotton Bowl



Areas of particular concern include facilities such as the Dallas County Jail
and Dallas Metro Child Care, where evacuation would be difficult. The Farmers
Market and the Fair Park/Cotton Bowl are areas where large crowds assemble on a
frequent basis within several hundred feet of the arterial routes. Clearly,
consideration should be given to the potential exposure and consequences of a

hazardous materials accident in these areas.

The trade-off between immediate exposure to motor vehicle occupants on the

freeways versus jmmediate exposure to pedestrians and occupants of adjacent

areas and facilities along the arterials will need to be made in the selection

of alternative routes,

In a similar routing/risk assessment study for Portland, Oregon, their analysis
concluded that immediate exposure to adjacent areas was indeed an important
factor. () Routes which 1nc1udéd a clear space, or a buffer, between the
roadway and these type of exposures was preferable, assuming other factors were
equal. In one example given, a route prohibiting the U.S. 26 Tunnel would have
required bulk gasoline tankers to use city streets which were at the same grade
as downtown retail businesses and apartments. The fire department determined
that 1if an accident occurred fire could have easily spread to adjacent
structures. A freeway alternative which passed through the identical
neighborhood was determined preferable because it was below grade and had
approximétely 130 yards of clear space separating it from immediately adjacent
occupied structures. This problem also exists near downtown Dallas on the
arterial routes Dallas being analyzed here. A number of truck warehouses,
major industries, retail establishments, and office buildings are directly

adjacent to or fall within several hundred feet of the arterial routes.
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The  trucking warehouses and terminals represent significant 1levels of
congestion, delay and a potential risk for accidents. This is caused by the
entry/exit of the trucks from loading docks, often blocking the arterial route
while 1loading and unloading. These problems were particulary acute near the
Sears Warehouse facility on Industrial Boulevard and a number of smaller

warehouse operations along Canton between Good-Latimer and Second Street.

The presence of on-street angle parking in this section of Canton, combined
with trucks at. loading docks, at times rendered this facility to only two

lanes, one lane, or impassable.

Several large industries including Arrow Chemical, Diamond Shamrock, Austin
Steel, and Proctor and‘ Gamble are located on the arterial segments near I.H.
45, These facilities, several of which appeared to have significant quantities
of hazardous materials stored on-site, could become involved in major hazardous
materials dincidents should an accident occur near the plant along the arterial

routes.

Roadway geometrics, poor sight-distance, tunnels, and railroad crossings, as
well as many curb cuts and uncontrolled intersections are of considerable
concern along the arterial routes. Examples of difficult geometrics include
the exit ramp from I.H. 30 to First Avenue where there is also a railroad
crossing ét the end of the ramp. Another difficult area is the merge between
southbound traffic on Second Street and eastbound traffic exiting off the I.H.

30 ramp near Fair Park.

Tunnel underpasses on Corinth and Good-Latimer, as well as the Central/Pearl
overpass of I.H. 30, represent areas similar to the freeways in which emergency

vehicle access would be difficult in the event of an accident.
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In a number of instances, hazardous materials tank trucks utilizing the
arterial routes were observed unable to negotiate the arterial street
intersections. This often resulted in tank vehicles being brought up over the
curb on right-hand turns or nearly missing other vehicles at intersections when
making left-hand turns. In some instances vehicles had to back up to allow the

semi-truck/tank trailers to continue through the intersection.

The intersection of Industrial and the off ramp from I.H. 30, which is not
signalized, was noted as particu]ar}y dangerous with regard to the number of
hazardous materials shipments observed near this location and the difficulty

trucks had in attempting to head northbound on Industrial.

Finally, federal regulations regarding hazardous materials (Section 397.9 of
Title 49 of the CFR) stipulate, "Unless there is no practicable alternative, a
motor vehicle which contains hazardous materials must be operated over routes
which do not go through or near heavily populated areas, places where crowds
are assembled, tunnels, narrow streets, or alleys. Operating convenience is
not a basis for determining whether it is practicable to operate a motor

vehicle in accordance with this paragraph."

The regulations are clearly left open for interpretation. A comparison of the
freeway routes to the arterial routes shows similar characteristics with regard
to the federal regulations. The presence of "heavily populated areas, places
where crowds are assembled, tunnels, and narrow streets" on the arterial routes

raise serious concerns with regard to the use of the arterial bypass routes.
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Emergency response considerations along the routing alternatives are important
as well, While the risk assessment considered exposure to motor vehicle
occupants, which is the primary concern on the freeway segments, the need to
assess emergency response capabilities and issues remains. Under either type
of routing strategy, emergency response issues including access, emergency
response plans, and evacuation should be more fully addressed once a routing

plan is established.

In summary of . the subjective criteria, problems do exist on the freeways with
regard to geometrics and emergency vehicle access; however, the risks
associated with the arterial routes are substantial. Proximity to large
crowds, numerous industries, and retail businesses, difficult geometrics for
truck movements, narrow streets due to on-street parking and warehouse
operations, dangerous intersections, tunnels and grade crossings, and
additional travel time 1likely for shipments to travel through these areas
represent conditions of high accident probability and potential tragic

consequences. These factors should be considered in the selection of hazardous

‘ materials routes.
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CHAPTER X
CONCLUSIONS

The purpose of this study was to wutilize the risk assessment approach, as
outlined by the FHWA Guidelines, to analyze and systematically compare the risk
associated with hazardous materials shipments on the freeway facilities to the
risks on the city-designated arterial street-routing system. A major emphasis
of this project was to establish information on the types and frequency of
hazardous materials shipments on the freeway system approaching the Dallas
central business district. Several enhancemehts were also made to the FHWA
Guidelines in an attempt to quantify the risks to motor vehicle occupants and

the analysis of routes by time-of-day.

The results of the industry survey and vehicle counts 1indicated that
significant 1levels of hazardous materials are being shipped in proximity to the
Dallas CBD on a daily basis. The majority of these are bulk gasoline or
petroleun related shipments, while a number of other types of materials
representing nearly all of the U.S. DOT classes were observed on the freeway

system or reported in the industry survey.

The results of this effort support concerns on the part of the City of Dallas

to address this problem and the need to further evaluate safety improvements

designed to reduce the risks associated with these shipments.

The FHWA Guidelines risk assessment approach was implemented to compare
quantitatively the risks of the freeways versus arterial streets. The results

of risk assessment indicated the freeway routes represented less total risk

overall than the arterial street routing system. Risk values ranged from one




and one-half times to over two and one-half times higher on the arterial street
routes depending on the type of input data and the risk measures used in the
risk algorithm, No significant differences in the relative risk between the

freeway and arterial systems were indicated by time of day.

It is important to note that the risk assessment analysis did indicate that the
arterial route segments south and west of the CBD had lower risk levels than
the corresponding freeway segments. However, it is not likely that the use of
these routes alone would address the bypass routing originally desired by the
City of Dallas. Further, signing implementation and enforcement of only these
routes for connecting the points south and west of the CBD would be extremely

difficult and at this point do not appear feasible.

A factor which is not fully accounted for in the FHWA risk assessment approach
is the relative severity of an accident occurring on a freeway versus an
arterial route, In 1light of the volume of hazardous materials shipments
observed near the Dallas CBD, a further evaluation of routing alternatives may
be warranted should data become available to better incorporate this factor

into the risk assessment.

As a follow-up to the risk assessment phase of this study; a fie]d_survey was
conducted along the arterial street system to take into account those factors
which should be considered in a routing alternative, but were not fully
quantified in the risk analysis. The field survey revealed a number of
locations on the arterial street routes with direct proximity to special
populations, retail and recreation areas, and local businesses and industries.
It is 1likely that these would be exposed to-a hazardous material in the event

of a serious accident.
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Use of the arterial routes for hazardous materials shipments will result in
shipments on facilities with high accident prone characteristics. These
include freeway ramps, intersections, undivided narrow streets, tunnels, a high
frequency of curb cuts, and at-grade railroad crossings. Using these
facilities creates a higher accident probability, exposure risk to local
populations, and prolonged travel time for hazardous materials being

transported in the CBD area.

Based upon these findings, the results of this study do not support the use of

the arterial street routes to improve overall public safety and reduce the risk

of hazardous materials truck shipments in proximity to the Dallas CBD.

While the results of this study support use of the freeway system for hazardous
materials shipments, significant concerns remain regarding emergency response
and the potential consequences of a serious hazardous materials accident on the
freeway system near the Dallas CBD. The fol]owing reﬁommendations for further

study address these concerns.



CHAPTER XI
RECOMMENDATIONS FOR FURTHER ANALYSIS

While establishing hazardous materials truck routes is one means of improving
public safety by reducing the potential exposure to individuals in the event of

an accident, clearly other types of safety programs should be pursued.

It is important to note that routing of the materials may not always result in
significant risk reduction. In this study of routing alternatives near the
central business district in Dallas, due to the lack of available routing

options, no significant reduction in the risk level was achieved.

Throughout the course of this study a number of other types of safety programs

have been proposed. Given that the results of the industry survey and vehicle

counts indicated that a substantial level of hazardous materials are shipped

near the Dallas CBD a number of additional safety programs should be evaluated.

The following discussion provides a summary of safety programs and projects
which address the transportation of hazardous materials. These recommendations
are based upon proposed safety programs, projects and strategies which have
been 1identified by various individuals and agencies to address the risks of
hazardous materials transportation and more specifically the risk of shipments

in proximity to the Dallas CBD.

The first of these areas 1is driver licensing, training, and certification.
Undoubtedly the single highest factor with relation to the cause of hazardous

materials accidents, as well all motor vehicle accidents in general, relates to



driver error. This characteristic in turn is related to other factors such as
the lack of adequate driver training, poor driving records or habits, and drug

and alcohol abuse while operating motor vehicles.

To address this issue a number of individuals including representatives of the
trucking industry have proposed the development by the State of Texas of a
special operators 1license for hazardous materials truck drivers. This license
might require a safe driving record, a .physical examination, some type of
training certification, validation of drivers ability to operate the vehicle
and an understanding of the emergency response characteristics of the materials
they are hauling. Included 1in this program is the need for better driver

training and enforcement of driver log requirements.

These programs should not be 1imited to only drivers but also shippers of the
material. Training programs which develop knowledge of hazardous materials
spill characteristics and appropriate emergency response actions should be
pursued. Many private companies provide this type of training today. A
statewide or national certification of both the training programs and drivers

would be beneficial.

Trucking firms should be encouraged to develop programs to curb on-the-job drug
and alcohol abuse as well., Firms should be encouraged to estab]ish salary or
hourly pay' schedules as opposed to payments by the load to discourage both

excessive speed and extended driving times.

Driver training and certification on avoiding vehicle overturns which often
occur as a result of difficult roadway geometrics and speeding causing load
shifts is an example of the types of training which might be required.
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A review of accident reports for the year 1982 used to examine the probable
cause of all truck accidents in the Mix Master interchange near the Dallas CBD
suggested that two-thirds of the truck accidents in the Mix Master are due to
truck driver error. The predominant contributing factors cited were:

1) Failure to maintain control of vehicle (30 percent);

2) Following too closely (21 percent);

3) Failure to yield right-of-way (21 percent);

4) Speeding (18 percent); and

5) Other factors (10 percent).

The second area often cited for safety improvements involves inspection,
maintenance, and retrofitting programs for hazardous materials vehicles. The
feasibility of establishing a statewide hazardous materials vehicle inspection
and maintenance program should be addressed. The program should include
enforcement of regulations requiring regular inspection and maintenance of
brakes, steering mechanisms, suspension, tires, and electrical systems as well
as tank trailer inspections for Tleaking or cracked tanks, the presence and
functioning of all required components and accessories, and the overall
integrity of the tank. Further research should be done regarding retrofitting

existing tank vehicles and developing new tank designs to improve safety.

The third category of safety improvements is freeway operation improvements.
While these improvements would be of particular benefit on the freeway system
near the Dallas CBD, similar improvements may also be warranted at other
locations 1in the region. Many of these programs were previously cited as
needed by the City of Dallas in the study of traffic operations in the Downtown

Mix Master.
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The first of these programs i$ a reduction in the truck speed 1imit from 55 mph
to 45 mph on the freeway system, particularly approaching ramp facilities.
While this was cited as a means of reducing all truck accidents, implementing
this strategy for all trucks would certainly reduce the risk of accidents
involving hazardous materials. The risk of vehicle overturns, often cited as
‘the type of hazardous materials accident resulting in loss of materials and
high accident severity, would be addressed by this action. A reduction in
speed 1limits should be coupled with a better system to enforce lower truck

speeds.

A detailed examination of the locations of truck accidents in the CBD area on
freeways revealed that areas with the highest accident totals were points where
there 1is a high occurrence of weaving and merging. According to the Dallas
study accidents occur because drivers are confronted with frequent navigational
decisions on roadway sections which require them to abruptly reduce speeds due

to the traffic slowdowns.

The Dallas Mix Master study proposes ramp redesign and additional signing to
reduce erratic maneuvers and resultant accidents. Both of these strategies
should be pursued further to implement existing recommendations and identify
locations where these types of actions are warranted. Special attention should
be given to signing freeway ramps to indicate difficult geometrics or grade

changes which may result in vehicle overturns.
Lighting and pavement surface improvements were two final measures recommended

by the City of Dallas Mix Master study to improve freeway operations and safety

on freeways near the CBD.
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A major concern in using elevated or overhead freeway structures for hazardous
materials shipments 1is the risk of a bulk tank truck breaking through bridge
rails and falling onto lower roadways resulting in a major accident and release
of materials. An example of this type of catastrophic accident occurred when a
truck transporting ammonia struck and penetrated a bridge rail on a ramp
connecting Interstate 610 with the Southwest Freeway (U.S. 59) in Houston,
Texas on May 11, 1976.

To address this concern Texas Transportation Institute, working with the State
Department of Highways and Public Transportation and Federal Highway
Administration, recently completed design and testing of a higher, stronger
bridge rail to contain and redirect an 80,000 pound tank-type tractor
trailer.(8)  This is an illustration of the type of safety modifications

which might be pursued in Dallas to improve freeway safety of tank shipments.

A related concern with regard to elevated structures is the difficulty in
containing a hazardous substance on a bridge structure in the event of an
accidental spill in which case hazardous materials would drain down onto
vehicles and motorists on lower facilities. Combining guard rail improvements
with a gutter or run-off system to contain spilled materials should be more

fully evaluated as a potential safety improvement.

Establishing truck lanes on the freeway has often been cited as a means of
reducing the conflict between trucks and other motor vehicles. While this may
be difficult given the number of interchanges and ramps on the freeways near

the CBD, this strategy should be further evaluated from both operational and

safety aspects.
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Finally, discussions have been raised throughout the course of the Phase II
analysis regarding prohibiting hazardous materials shipments on the freeways
during the peak-traffic periods. This would partially address the City of
Dallas' concern regarding exposure to a large number of motor vehicle occupants
on congested freeways in the event of an accidental release of a hazardous
materials. While it is 1ikely that hazardous materials carriers avoid
traveling during the peak periods on congested facilities due to increased

travel time, this strategy should be further evaluated.

A method of increasing overall capacity of the freeway system would be to
restrict all truck traffic on certain freeway facilities during the peak
periods. Should this strategy be pursued, this would address hazardous
materials shipments as well. This approach however, would have far-reaching
effects on the trucking industry and requires further evaluation from both

economic and operational standpoints.

The fourth major safety improvement area identified from this study is to
improve the freeway emergency response characteristics. One of the first steps
needed is to develop a detailed emergency response/evacuation plan on a site-
specific basis for each of the locations along the freeway system which are
below grade, canyon-type facilities, or elevated structures where emergency

vehicle access and evacuation are difficult.

From this plan, further efforts should then be made to locate facilities which
need water hydrants or perhaps chemical foam supply. The use of fire escape
ladders off of elevated structures and out of canyon facilities has been

suggested and should be further elevated.



Detailed traffic rerouting plans as well as examination of an emergency vehicle
access system using available freeway ramps, frontage roads and contra-flow
freeway-type lanes with traffic barriers should be evaluated. A detailed
examination of these considerations may also warrant construction of emergency

access facilities.

The final area for suggested improvement 1is to further develop emergency

response capabilities and better enforcement techniques.

Fire personnel training for responding to a hazardous materials accident on a
freeway should be pursued. The development of hazardous materials response
teams as a highly trained, skilled sub-unit of the fire department to deal
specifically with hazardous materials incidents have been developed by several
major cities in the United States. This may be a useful technique for

improving freeway emergency response to a hazardous materials accident.

Additional training coupled with equipment needs should be addressed. Several
cities have acquired or developed hazardous material emergency response
vehicles which provide special on-site capabilities for better handling of

hazardous materials incidents.

These programs represent potential safety improvements which have been
identified throughout the course of this study to address the risks of
hazardous materials truck shipments. Current plans for future freeway
construction may call for the use of additional elevated or depressed
below-grade freeway facilities to meet growing traffic demands. Efforts should
be made to evaluate future facilities of this type with regard to the risks
jdentifed in this study and the need for additional safety considerations which

should be taken into account.
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CITY OF DALLAS

December 16, 1985

Dan Kessler, Senior Transportation Planner
North Central Texas Council of Governments
P.0. Drawer COG

Arlington, Texas 76005-5888

Re: Hazardous Material Routing Study Phase II

The Dallas Fire Department has been involved with the Hazardous
Material Routing Study Phase II - Analysis of Hazardous Materials
Truck Routes in Proximity to the Dallas Central Business District
from the onset. Fire Department personnel have attended meetings
at which the study was discussed first in concept, later as

interim results, and last as a review of the completed study.

At

each meeting we have expressed concerns with the concept of

routing hazardous materials through below grade (in areas where
canyon effects are created) and elevated sections of the freeway.
The concerns expressed are as follows:

1.

Danger of a hazardous material incident trapping
motorists in their vehicles and leaving them without any
viable escape route. If this scenario were to unfold,
tens or perhaps hundreds of motorists could be
incinerated or poisoned while still in their vehicle or
in the vicinity of their vehicle.

Lack of emergency access to the elevated or below grade
areas of the freeway system present unique problems for
reaching the scene of a hazardous material incident due
to traffic congestion. A delayed response to a
hazardous material incident could be very costly in
terms of lives and property.

Lack of fire hydrants in the elevated or below grade
portions of the freeway system present problems in
obtaining water for controlling a hazardous material
incident. Water is the common demoninator in
controlling most hazardous material incidents.

FIRE DEPARTMENT CITY HALL DALLAS, TEXAS 75201 TELEPHONE 214/670-4607



4. Elevated portions of the roadway create problems when
dealing with hazardous liquid spills. The liquids,
whether burning or not, will create another hazardous
material incident as they flow to the roadway below.

We have also expressed our concern that consideration should be
given to the severity of truck accidents as well as the frequency
of truck accidents for determining whether or not an arterial
route is safer or more hazardous than the elevated and below
grade portions of the freeway system. While we do not dispute
the results of the study that show a higher truck accident rate
for the arterial routes, we do feel that the likelihood of a
rupture that releases cargo is more apt to occur in a freeway
accident. Assuming that to be the case, then it is logical that
the study would have, in all probability, indicated that the
arterial route was safer had the severity of truck accidents been
factored in.

Results of the Phase II routing study do not, in the Fire .
Department's opinion, justify any alteration in our current
routing ordinance which bans hazardous materials carriers from
below grade freeways and portions of overhead freeways.
Therefore, it is our recommendation that the study be expanded to
include the severity of truck accidents when exposure factors are
developed for routes. In addition, an expanded study could
examine other possible arterial routes that would lessen the
exposure factor.

R. E. Melton, Assistant Chief
Fire Prevention
Dallas Fire Department
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APPENDIX A

CITY OF DALLAS HAZARDOUS MATERIALS
TRUCK ROUTE ORDINANCE
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BACKGROUND

Accidents on Dallas streets have resulted in major fires, explosions, and hazardous chemical spills. These incidents have
caused substantial damage to property, extreme exposure and risk to citizens, and extensive commitment of City of
Dallas emergency forces.

Accordingly, the City Council has prohibited through shipment of hazardous materials other than on designated
routes. Carriers within the city must have a specific point of departure (defined as a “Dallas terminal” in the City Code)or a
specific destination (an offloading site).

An explosion and major “re caused by a derailment in February 1977 highlighted problems of hazardous materials
transportation in Dallas. As a result, City statutes and procedures governing such transport were strengthened. The
Council in October 1978 amended the City Code to designate through shipment routes and to prohibit hazardous
materials carriers from using certain freeways and tunnels {Code section printed on reverse). Enforcement of the
amended Code reduces the jeopardy to citizens in high-density areas from the through shipment of hazardous materials.
The Dallas Fire Department and other City emergency-response agencies have developed and exercised plans to minimize
the severity of any hazardous materials incident.

ROUTES

The map below identifies authorized and prohibited areas for the transport of hazardous materials. Vehicles are
permitted on: interstate 635 and connecting segments of Interstate 20, Spur 408, Walton Walker Boulevard (Loop 12),
and interstate 35E (Stemmons Freeway). Outside this loop to the Dallas city limits, vehicles may operate on state or
federal highways which directly connect to the loop.

Vehicles are prohibited on: R. L. Thornton Freeway (interstate 30) from Stemmons Freeway (Interstate 35E) [on the
west] to Oakland Avenue overpass [on the east); the elevated portion of Julius Schepps Freeway (Interstate 45) from the
Bryan Street underpass lon the north] to the Lamar Street underpass (on the southl; and in any underground delivery
{tunnel) systems.

ENFORCEMENT

Signs designating hazardous routes are erected on major approaches to Dallas. These signs will read “HAZARDOUS
MATERIALS ROUTE." Certain other signs provide directions to authorized routes. Restricted areas are patrolled to
enforce the City Code. Noncompliance results in citation to Municipal Court.

QUESTIONS

For more information call the Dallas Fire Department, Fire Prevention Education & inspection Division at 670-4628
(2014 Main St. Room 401; Dallas, Texas 75201).
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THE CITY OF DALLAS HAS A

HAZARDOUS MATERIALS TRANSPORT ROUTING ORDINANCE

TRANSPORTATION OF HAZARDOUS MATERIALS IN VEHICLES BEARING PLACARDS

REQUIRED BY THE U.S. DEPARTMENT OF TRANSPORTATION IS PROHIBITED ON

STREETS AND HIGHWAYS WITHIN THE CITY WITH THE FOLLOWING EXCEPTIONS:

1.

THE HAZARDOUS MATERIALS MAY BE SHIPPED TO OR FROM A
LOCATION WITHIN THE CITY LIMiTS OR A DALLAS SHIPPING
TERMINAL WITHIN 5 MILES OF THE CITY LIMITS. SUCH
SHIPMENTS ARE BANNED FROM ALL "PROHIBITED HAZARDOUS

MATERIALS AREAS"*,

THE HAZARDOUS MATERIALS MAY BE TRANSPORTED THROUGH
THE CITY ON THE LOOP FORMED BY I-635; I-20; SPUR 408;
I-35E AND INTERCONNECTING HIGHWAY ROUTES OUTWARD TO

THE CITY LIMITS.

*x"PROHIBITED HAZARDOUS MATERIALS AREAS" CONSIST OF THE FOLLOWING:

1.

JULIUS SCHEPPS FREEWAY (I-45) FROM LAMAR STREET ON THE SOUTH

TO BRYAN STREET ON THE NORTH.

R. L. THORNTON FREEWAY (I-20) FROM LAMAR STREET ON THE

WEST TO OAKLAND AVEKUE ON THE EAST.

ALL TUNNEL DELIVERY AREAS WITHIN THE CITY.
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oromnance vo. 15984

An Oréinance amending Section 15-19.104, “Transportation of
Zazardous Chemicals, "of CHAPTZIR 16, "FIRE. PROTEZCTION," of <he
Dallas City Code, a2s amended; regulating transportation of hazardous
materials: within the city; prohibiting the  transportation of
hazardous materials on certain segments of public highways 'and
Streets; péividing a penaity; providing a éaVing clause; and
providing an effective date,

BZ IT ORDAINED BY THZ CITY COUNCIL OF TEE CITY OF DALL2S:

SECTION 1. That Sec. 16-19.104, “"Transpdértation of Hazardous
Chemicals,” of CHEAPTER 16, "FIRE PRIVENTION," of the Dallas City
Code, as amended, is amended to read as follows:

"SZC.. 16-19.104. TRANS?ORTATION OF KAZARDOUS MATZRIALS.

(a) In this section: '

(1) DALLAS TERMINAL means a freight terminal of a motor
carrier that handles shipments of materials destined to or £frcm the
Citv of Dallas, so long as the terminal is within the city or within

5 miles of the city limits,

A.4



(2) HAZARDOUS MATIRIALS means those materizls clzssified
2s hazaréous by the United States Government through the Secretary
of Transportation pursuvant to his authority vnder 43 U.S.c.x. Sec.
-401, et seg., (1976), except explosives, blasting @gents, and
explosive ingredients as defined in this article.

(3) REQUIRING PLACARDS means any vehicle transporting
hazardous materials in sufficient gquantity to{require placarding as
set forth in the D.O.T. HBazardous Materials Regulations (49 U.S.C.A.
Sec. 1801, et.seq (1976)

v (4) PROHIBITED HAZARDOUS MATERIALS AREA means the
following streets and public highways and segments of streets and
public highways:

() R. L. Thornton Freeway, £from 1I-35 +o O=zklang
Avenue Overpass; | |

(8) 1I-45 Elevated TFreeway £from Lamar Underpass to
Bryvan Street Underpass;

(C) Underground tunnel systems.

(b) No person shall transport hazardous materizls within the
city unless his destination or point of departure is a ©Dallzs
terminal or other location within the city.

(c) The prohibition of subsection (b) shall not =awply if <the
hazardous materials are transported on:

(1) Interstate Highway ¢35 &nd connecting segments cf
Interstate Highway 20, Spur 408, Walton Walker 3Boulevard, zand

Interstate Highway 35-E; or

A.5
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(2) State or federal highway directly connecting the
foregoing route outward to the city limits.

(d) The prohibition of subsection (b) shall not apply if a
vehicle that is used to transport hazardous materials is empty.

(e) The operator of a vehicle' used to transport hazardous
materials requiring placards shall:

+ (1) apply and display appropriate placards meeting D.O.T.
specifications on each end and each side of the vehicle; and
(2) before operation, inspect the vehiclé and determine
that:
(A) the brakes are in good working condition;
(B) the steering rnechanism is in good working
condition;
(C) the electrical wiring is well insulated and
firmly secured; and
(D) the vehicle is in a condition adequate to safely
transport hazardous materials.

(f) No operator of a motor vehicle transporting hazardous
materials as defined in subsection (a) subparagraph (2), and
scheduled for delivery to or from a Dallas Terminal shall transport
those materials on any street or public highway, or segment of =&
street or public highway, now or hereafter dJesignated as a
"Prohibited Bazardous Materials Area".

SECTION 2. That a person Qiolating a provision of this
Ordinance, upon conviction, is punishzble by a fine of not less than

‘$150 nor more than $200.
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SZTTION 3., Thet CHEAPTER

[

6 cf the Dalles City Code, a3 amznded,
shall remain in full forcehang effect, save and except as amencded by
this Ozéinance,

SZCTION 4. That the terms and provisions of this Oréinance are
severable and are governed by Section 1-4 of CHAPTER 1 of the Dallas
City Code, as amended.

SECTION 5. That this Ordinance shall take effect immediately
from and éfter its passage and publication in acccocrdance with +he
provisions of the Charter of +the Citv of Dallas, and it is
accordingly so ordained. |
APPROVZID AS TO FORM:

L= E. EOLT, City Attorney

o T

5515 nt City As<drrney

Passed and correctly enrolled OCT 09

O
~I
k>
[
\0
~
[v o]

0540B/Jn
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APPENDIX B
INDUSTRY SURVEY



NORTH CENTRAL TEXAS COUNCIL OF GOVERNMENTS
TRANSPORTATION OF HAZARDOUS MATERIALS

INDUSTRY SURVEY

Company Name:

Address:

Contact Person: Telephone:

Major Standard Industrial Classification Code:

Hazardous materials of interest in this survey are all materials, including
waste materials, shipped or received in quantities and forms which by law
require placarding of the vehicle as regulated by the U. S. Department of
Transportation.

1. Does your firm handle hazardous materials? Yes No
If no, please return questionnaire.

2. If yes, please specify the following information with regard to your
hazardous materials related operations.

Company Type: Manufacturer User Shipper Carrier

Storage Other (Explain)

DALLAS CENTRAL BUSINESS DISTRICT AREA

B.1
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If you ship or transport hazardous materials into or in the proximity of the Dallas Central Business Distrigt (CBD),
please provide the following information. A reference map of roadways in the Dallas CBD area is found on page 1.

Freeway
Facilities
(any portion of)

Location

Does Your
Company

Designate
These Rou
For Drive

Yes

tes
rs?

No

Proper Shipping Name

of Material - Specify UN,
NA or STCC Shipping Code
and Code Number

How Often Do
These Shipments
Occur (Specify

‘Daily, Weekly,

Monthly, Yearly)

Average
Volume Per
Shipment

Usual
Time of
Day

Interstate 30

Between Beckley Ave.
{(West of CBD) and
Fitzhugh Ave. (East
of CBD) .

Interstate 35E

Between Colorado Blvd.
(Southwest of CBD) and
Continental Ave.
(Northwest of CBD)

Interstate 45,
345 & U.S. 75

Between Martin Luther
King Jr. Blvd.
(Southeast of CBD) and
Ross Ave. (Northeast
of CBD)

Spur 366
{Moodall Rogers
Freeway)

Between U.S. 75 (East
of CBD) and I.H. 35E
(West of CBD)

Attach Additional Sheets If Necessary

Table Continued on Following Page
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Local Streets
Designated as
Hazardous
Materials Routes
by the City

of Dallas

Location

Does Your

Company
Designate

These Routes
For Drivers?

Yes

Proper Shipping Name

of Material - Specify UN,
NA or STCC Shipping Code
and Code Number

How Often Do
These Shipments
Occur (Specify
Daily, Weekly,
Monthly, Yearly)

Average
Volume Per
Shipment

Usual
Time of
Day

Continental Blvd.

Between 1.H. 35E

. and Industrial Blvd.

Industrial Blvd.

Between Continental
Blvd. and Corinth St.

Corinth Street

Between Industrial
Blvd. and Central/Pearl

Expressway

Lamar Street

- Between I.H. 45 and

Corinth St.

Table Continued on Following Page
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Local Streets
Designated as
Hazardous
Materials Routes
by the City

of Dallas

Location

Does Your
Company
Designate
These Routes
For Drivers?

Yes No

Proper Shipping Name

of Material - Specify UN,
NA or STCC Shipping Code
and Code Number

How Often Do
These Shipments
Occur (Specify

‘Daily, Weekly,

Monthly, Yearly)

Average
Volume Per
Shipment

Usual
Time of
Day

Canton Street

Between Central/Pearl
Expressway and
First Ave.

Good Latimer Between Canton St. and
Expressway I1.H. 345

Central/Pear) Between Corinth St.
Expressway and Canton St.

First Avenue

Between I.H. 30 and
Canton St.

Table Continued on Following Page
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Local Streets
Designated as
Hazardous
Materials Routes
by the City

of Dallas

Location

Does Your

Company
Designate

These Routes
For Drivers?

Yes

No

Proper Shipping Name

of Material - Specify UN,
NA or STCC Shipping Code
and Code Number

How Often Do
These Shipments
Occur (Specify
Daily, Weekly,
Monthly, Yearly)

Average
Volume Per
Shipment

Usual
Time of
Day

Second Avenue

Between Canton St.
and Parry Ave.

Peak Street

Between Parry Ave,
and [.H. 30

Parry Avenue

Between Second Ave.
and Peak St.
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4.

If you ship or transport hazardous materials in the City of Dallas or in the Dallas area, please list routes
commonly used to and from your facility and information regarding shipments on those routes.

Roadway

Location

Does Your
Company
Designate
These Routes
For Drivers?

Yes No

Proper Shipping Name

of Material - Specify UN,
NA or STCC Shipping Code
and Code Number

How Often Do
These Shipments
Occur (Specify
Daily, Weekly,
Monthly, Yearly)

Average
Volume Per
Shipment

Usual
Time of
Day

See Question 5 On Back

Attach Additional Sheets If Necessary




5. Please provide any general recommendations you have for hazardous materials
truck routes in the Dallas-Fort Worth area.

PLEASE RETURN THE SURVEY BY MARCH 22, 1985
B.7



APPENDIX C

SUMMARY OF HAZARDOUS MATERIALS
VEHICLE COUNTS STATION S1

I.H. 35
6 a.m. - 10 a.m.
April 16, 1985
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Roadway Survey Location

HAZARDOUS MATERIALS VEHICLE COUNTING FORM

Date
Placard Type
and/or Code #
Time Vehicle Type (4 Digit) Vehicle Direction Carrier Name Commodity ID




IS E St
IS E 51
IS ES
IHIS E 81

IM3S E St .

IHIS E 81
IS E St
ISESS
I35 E St
IM3S E St
M€ St
INS E §1
IS E §1
IH3S E 8t
IH3S E St
IS E 51
WS E 51
IS E 81
IS E St
IS E 81
IS E 61
IHIS E 51
M35 € 51
IS ES
IS E St
INS E 81

IS E 81

IS E 81
IS ES
IH3S € 1
IS E 81
INS E §1
IH3S E 81
IH3S E 6t
IS E 81
IS € 81
IS ESI
INS E 81
IH3S € 81
IH3S E 81
IS € St
IHS E S1
IW33 E 81
IS E 81
IMIS E 81
THS E §1
IH3S E 51
IHIS E 81
IN3S € 81
IH33 € 81
IH3S E 81
IS ESL
IS £ 81
IS E 51
IH3S € St
IS E 81
IH3S E 51
THIS E 81
M3 E 5t
IS 7 @

4-16-83

+16-85
+-16-43
+-16-63
+-16-85
4-16-83
4-16-03
+-16-63
+-16-85
+-16-65
4-16-85
4-16-83
+16-85
+-16-65
+-16-85
168
1685

4-16-83
4-16-63
+~16-83
4-16-83
-16-85
4-16-83
4-16-83
+-16-83
4-16-83
4-16-85
+~16-83
4-16-83
4-16-85
4-16-83
4-16-83
4-16-85
+~-16-85
4-16-83
4-16-85
+~16-83
4-16-83
4-16-83
+~16-83
-16-83
4-16-83
+16-83
4-16-03
4-16-83
+~16-85
4-16-83
4-16-83
4-16-83
4-16~85
4-16-83
4-16-03
+-16-83
4-16-83
+-16-83
4-16-83
-16-83
4-16-85
A=1R=R%

SUMMARY OF HAZARDOUS MATERIALS
VEHICLE COUNTS STATION S1

6:00 A4
6241 AN
6116 An
6:21 M
6138 An
6338 fn

6152 Ad

6132
7:03
7:05 AN
7:07 A1
7587 M
7319 A1
T:26 AN
7:37 An
7:92 &
8126 AN
8:33 A
8:39 An
9:08 AN
9112 Ad
9116 AN
e M
9:23 AN
9138 M
9:36 A1
9:33 AN
9:40 AN
9148 A
9:50 AM
933 A
9:53 A
5109 M
6136 il
613 An
7123
729
7235 M
72 M
Tidh AN
7155 AN
8:10 AM
8:13 An
816 AM
8:18 An
0122
8327 AA
8:31 AN
8:33 M1
8:33 AW
8138 A
8:48 AN
8:53 A%
9110 A
9117 AN
9119 An
9:37 An
9:37 A
349 M0
Q.88 0w

TANK N
TRW .
TANK 1283
TRNK {
TANK NA
TRNK 1013
M 1282
TANK 12:4
TANK H
TR 1203
TAMK :
TANK 1263
TRNK 1203
TR 1243
TANK 1203
TANK 1203
TANK 1283
TRNK 1283
TANK 1203
TRAILER NA
TANK ]
TR 128
TANK 1203
TANK 1203
TANK N

T M
TRAILER L
TANK i
TRNK N
TANK 1293
TANK NA
TANK 1283
TANK DANGEROUS

TANDEN TRRILER CORROSIVE

TANK 1203
TRAILER CORROSIVE
TANK »
TRAILER CORROSIVE
TANK 1203
TN 1203
TANK 1203
TRAILER DANDEROLS
TR 1203
TANK 1203
TANK N
TRATLER DANGEROLS
T 1203
TANK M
TANK M

TR 1283
TANK 20

1 1203
TANK M

7 )
TANK VON-FLAR-GRS
TRV 1283
TANK :

TRNK M

T i

vy 1297

c.2

S
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SQUTH
SOUTH

SXH
SOUTH

NCATH

NCRTH
vhems

(2]
—

!;:B%'
g

BREAEESS,
g

:

££%

EXXON
ANDREWS
WHITFIELD
TRANG CON
N

RND
THOMPSOM
THCNOSON
81

L

YELLOW FREIGHT
L

CHENICAL EXPRESS
L

LIQUID TRANSPORT
pTC

GROENDYKE

L]

]

W

"

JIONEER CHENICAL
WHITE

T

M

A

T4OMPSCN

N

FRLONE

PREFERED

A

CHENICAL EXPAESS
AR PRODLCTS

EES%&EGE;%

TEOI N

v
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SASCLIME
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M
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5A8/00.
SSCBUTYLAMINE
SRSCLINE
SRSOLINE
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BRSLINE
BRSTLIE
BRSILIE
GRSO.IE
GASCLINE
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SASC.INE
BASOLINE
N

N
SASOLINE
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L)

M

L]
BRSOLINE
L
EASOLINE
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SRSOLINE
-]

M
GRSOL INE
M
W

b}
SRSOLIME
FFS0LINE
SASOLINE
M
SRSCLINE
GRSSLINE
A
AU
GASOLINE
EYY

A
SASOLINE
GASC.INE
SRSQ_INE
A
\R
M
GRSILINE
8ASCLINE
A
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APPENDIX D
ROUTE SEGMENT DATA



-AAADCUSTIANSPCAT ROUTINGG II - DALLAS CBD
ATTIUAL AND FIEZWAY ANALYSIS SEGRENTS WITH LINANANES, NCMBZR OF LANES, “ILIAGZ, AND AVEIRGE DALY T3AFTID

1. ARTERIAL ROUTES

ARTERIAL J7HER  STREET  MAMES
SEGMENTS' 3I5TANGE LANES
STREET NAME CINK NAME Fox NCOE R 0 \GIE B
Al: Continental/Industrial 20 A3 3R
1 AaContS35 18760029 continental 20729 § 355ten 28723 3 3 1
2 RoContN35 18763524 continent 28701 N 3S5tem 28722 cd N
3 Continent 1913:092 2535 28782 NI 28791 7 313
4 Continental 19132509 incustrial 15368 3p S 35 2a723 8 3 3
5 Industrial 19312503 Contirent 15368 Rawd; R3 22682 : 33
6 Industrial 193201 Rpwd1Rg 39689 Ro cl Rg 30683 6 33
7 Industrial 193:2800 Rawdl Ry 32683 Commerce 15408 ! 33
8 incustrial 19313286 Covxerce 15408 %eunion 28728 8 33
9 Industrial 193: 3501 Jeunion 2a7ee Wd11439 28731 1 3 3
0 Rpincusirial 18850208 .ndustrial 28731 #lH30 28738 9 L2
Total Segwent Mi.eage 131
Avarage Numper of Lanes
Averace Daily Traffic 2:220
R2: Industrial
i RpIncustin3e 18852583 Elr3d 28732 irgustrail 28733 23 32
2 RpIndustrial 19314204 Rowik3e , 28731 EIH3e 28733 : 3 3
3 Incustrial 193:4329 RIEIF3S " 2B733 Ro51H30 28877 4d 3 3
4 R31435-30 13300006 Industrial 28877 51439 28873 5 Y
Totai Seguent Mileage .78
fverage Number of Lanes &
fverage Daily Traffic Zuled
A3: Incustrial/Corinth/Lamar
i Industrial 18180505 RoSIK3S 28877 aciz 28878 R 33
2 Industrial 18181088 faciz 28878 Corinth 1632 73 3 3
3 Corinth 18192085 Lamar 15958 ingustrial 16922 44 22
4 Lamar 18165031 Corintn 19358 Srand 16392 43 2 2
] Lamar 14680003 Brand 16902 “orest 16997 27 2z
6 Lazar 14688508 forest 16397 “annsyl 183:6 3 z oz
7 Lamar 14681081 Pennsyl 1636 Yetrpol 16320 37 g 2
8 Lagar 14681586 fetrodoi 16920 retro 28539 6 g2
9 RoMetrodd 12798002 Raretro 28539 Racamar 28533 3 P
19 retrodd 2791585 fetrosol 28534 Lamar 28332 3 ot
1 Lamar 14662009 Revetro 28530 RoMetro 28522 4B
Total Segment Miieare 3,48
Average Numaer of Lanes 4.3
Average Daily Traffic (600

D.1



Ré: Corintn/Central/Pearl/Canton

: Corinth 18191582 Axarg 15357 -amar 3558 3 2 2
2 Corinth 18191097 Ervay 13536 Saare 13337 & 2 ¢
3 Corintn 18198504 narwced 15628 Ervey 1558 23 22
4 Zorinsh 18192099 Cenzral 15549 ~arwood 13628 5 2 2
S Central 13203525 Ao Central 2889 Cerinth 15549 3! 33
& Tantral 15223000 120438 2883 WCentrai 28834 9 2
7 Centrai 18202507 Canton 155:6 01432 28891 k) 3 S
8 Lanton 17962587 Centrai $33:6 S Goodiat 1557 : 2 2
9 Canton 17963008 S Good Lat 13517 % Goodtat 195:8 b) 2 2
19 Pear] Exowy 18088529 FrE 1433 25895 Corinty 15540 27 2 @
i Pear! Expwy 18088003 Fri [H30 28890 . RoW 1h38 28895 2i 2 8
: Pear! Exgwy 18887582 Young 15493 Trd [n30 28899 34 5 2
13 Canton odeecote Pearl Txpwy 15493 Central EXp 19526 8 2 2

Total Segment Peleage 1.7

Average Number of Lanes 4

Averace Daily Traffic 13009

A5: Good Latimer/Fr US 7%

1 Bood Lat 18042082 Commerce 15978 Canton 1558 7 313
2 Sooc Lat 18341589 ¥ain - 13572 Comserce L5976 5 313
3 Sooc Lat 18041204 Eln 1557 Yain 15572 3 33
4 Bood Lat 180840006 Live oad 15434 Els 195971 34 2 2
b) N Sooc Lat -Bo308551 Bryan 13401 Good Lat 15404 b 2 3
6 1 3ryan 13772803 Bryan 15401 N LS73 28881 i1 12
7 Rp &cifgr 13760509 § U875 2879 FrE WdliRg 15578 3 2 3
9 Fr SUSTS 13832500 FrE WalRyg 15378 RfFE Walfyg 15360 26 32
9 Sr GUSTS 13831003 FrE WdlRg 19369 Ross 15363 4 23
3 7r SUSTS 13831508 Ross 13363 SanJacinto 15585 1 2 @
i Fr 5LS75 1383208! SanJacinto 15385 Routh 1539 i1 2 2
12 § Gooctat 18232007 Routh 1539 Bryan 15399 7 .32
13 S GoocLat 18030302 Bryan 15399 Jood Lat 15404 byl 3

Total Mileage for Segment AS 1,22

Average Numoer of Lanes ]

Averate Daily Traffic 3029

D.2



R6: Canzon/First/Second/Parry/Peak

1 Canton 17963505 - N boocLat 155:8 Qaklang 15622 8 2l
2 Canton 17963703 Dakland 13622 “all & 13543 2] M
3 Canton 17964008 “all 8¢ 19543 Trunk Ry 12548 7 o
4 Carton 17964503 Trung Qv 15545 2ng Ave 12546 & 11
9 2rd Ave 18290502 Canton 19546 RoEIK3® 285.2 32 39
) 2ng fve 1829:209 EIA3D 28912 Parry 13982 8 4 3
7 gh33e 383920085 ist Ave 19551 2no Ave 19382 6 33
8 farry-18C 18481202 Ixacsition 1535 ist Ave 1535¢ 7 3 3
9 Parry-38C 18480797 Lomserce 15678 Exposition 15350 6 3 3
18 Parry-80 18482593 Has<ell 15448 Coumerce 1587 8 33
11 Parry-35C 184823204 Peak 15449 Hasiell 15448 4 33
12 Jeax St 182£2206 239 28933 Parry Av 15449 18 3 2
13 FrE 1-30 14063339 Peak 28933 Larrol 1SR72 14 32
14 2Pea4I3d . 14323536 Carroil 15672 14 30 28932 ] P
13 Rotst Expo 1401:001 WIH30 RL 289et ist Ave 28g22 .0 i 2
16 ist Ave 18281501 Canton 23922 4 [~38 15347 18 3 4
. Canton 17965095 is¢ Ave 15447 2nd Ave 15546 7 2 2
Totai Segwent Mileace
fAverage Number of Lanes
Average Daily Traffic
11. FREEWAY ROLTES
FREEWAY OThER  STREET
SEEMENTS!
STREET NARE LINKNAME FR0M NOJE A " Ta NOOE B
Fl: IH 35 Stemsons
{ § IH3SE 18693507 RpContinent 287¢3 Roaci Ag 337:4 ] 4 2
2 S IH35€ 18693636 RoWdl Rg 38734 Vmdl Rg 327.3 4 o2
3 § Ir3%E 18693705 RokWal Rg 307:0 3o Comner 287.3 Z 4 ¢
4 S I43SE 18694000 Ro Coumer 28719 Rowel 3 23742 3 Ll
3 Rpl30135 18792086 §1K35E 28742 wim3d 28741 8 22
6 w1430 18821533 Ralndustri 28732 w32 28741 ] 3
7 N IK3EE 18693856 RoE -39 26743 cwinld c8744 o 2 %
8 N IH35E 18694554 Dn NIH3S 2ar2l AT (432 28743 22 2 s
3 PI43STHI 13993000 NIR3OE RLT 28743 ArFrac: 35 eB747 -4 2 2
] N IR3E 18694356 € .30 15704 Dn N IN35 28721 i) 2 &
i1 N I=35E 18694859 wLonmer cari2 %22 P32 L5704 3 2 4
2 ¥ 1-35€ 18693754 akdl Ry 74 aConmer 28742 23 2 S
3 N IF3SE 18693655 JoWct Ag 27113 Iamal 33 R N 3 4
: N T435¢ 186935356 RaContin 28722 Dial 13 3a7:3 i3 2 4
19 132135 1875204 E IH30 28742 qaN 1833 15735 X1} 23
: § 1438 18694505 0w [-32 28742 25 =35 28724 7 I
7 0135230 13901529 § k33 28724 RaS 1H3S 28748 5 IR
i 5 1-3%¢ +8695007 36 n35 28724 RaE 1430 . 28743 2 32

D.3

F1: Tosal Two-directiona: “ileage- Segment .
Rverace Number of Lanes
Qverage Daily Traffic
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s2: 1~ 3R 1~ 35 Coumon

: E I<30 1882.504 Rolrcuss 2873¢ Row 1835 2874Q 8 3 ¢
g R -3 1879:523 T =32 28742 § I-3% 28745 2 Ca 1
3 XA 1869ER2E RoE IH32 26745 Dn §I42CE 2e87¢ 36 4 Q
L ERRRY 13862202 Dr. 514352 28872 £ I-38:7 28874 5 & 2
T \I-3E 13880853 Tv. N3F35E 2887: W In3eR.T 28872 2 ® 4
£ AR 18696254 Raa 1n32 28744 Dri NIH3S 2887 28 @ 4
7 R213¢.35 18792581 N 14352 28744 W 1H30 2874 8 g 3
§ ADIE2I3S 13902222 %3 8ix3S &B748 § In3S 28873 35 ¢ 2
5 5 N3 13892504 W IH3SE 28872 RoIH3SE 26875 7 33
1 351-351430 13923520 RoFraI=33 28747 - NIH35A.T 28876 44 8 ¢

F2: Totai Two-Directional Fileage 2.34

fAverage number of Lanes &

Average Daily Traffic 184000
Fas I- R
: v ir3SE 13890553 Rp MIH3C 28876 E Ix3¢ 28874 g ¢ e
2 S I3 AT 138793056 N 1.332 28874 R2 Ervay 2884z 53 ¢ ¢
3 E Ir30 R 1287:809 Rz Ervay 28882 Rp Griffin 2890¢ 42 3 @
4 E 1432 AT 13871504 Ra Briffin 28902 Ry Cersral 28892 19 3 e
< £oLAA LT 13872087 Rs Centr 26893 Ao N USTS 26B4: i9 3 e
(3 i: Sgrancrt 13970009 freIx3d 2898z £ M3 289 12 L
7 Sp 21520 14263002 Rp 1430 26902 % § UBTS 26845 b 2 e
8 Ra C875in3e 13824028 FrEindd 28845 RoWi+32 28846 ig 2 @
g » L573IH3e 13824583 Rowi~3e 28846 § Iu4S 28848 3 z e
12 Ry 1875 IH3Q 13823505 Frois3e 28843 RaN US7S 28842 2] e
b a TR 13872056 RpCent 28asz Bos LS7S 28642 4 ¢ 3
12 W I-30 T 13871353 Ra St7au! 2892: RoCent 26892 29 e 3
2 Az3tPaul LSTS 13950000 Rs L8753 26844 W IH3eR_T 2age: 4 5 2
4 W IA32 AT 13871858 Ro Ervay 28881 Ra SePau: 2892 13 ¢ 3
i) wooEE RLT 13870555 § IH35E 28872 Ra Ervay 2888t 73 e 2

F3: Total Two-Directional Mileagze 4,62

fiverage Number of Lanes b

fverace Daily Traffic 139ee?
Thy 15 4T
H § {875 13752506 Ro ®a:n St 28832 RaS 1H4S 28848 36 J e
g § =% 17770825 § U575 28848 RaS USTS 2865 46 & 2
3 B 1443 17770504 RaS L8735 28533 Ra Lamar 28533 15e 32
& N 1448 12783252 Roretronsl 28531 RaOvertor 28528 26 ¢ 3
S N 1= 17770553 RN U875 2B6:e Rovetronci 2853: 82 23
. \ D445 7770058 N U573 26843 Rz N UETE 2861e 49 ¢ 4
7 N LB7S 13752558 Rovain?s 2883 X IH4S 26849 47 ¢ 3
& RaLE72 1432 13825825 W [45 26849 RaS LS7S 28847 17 t ¢
S Rols?% IH3R 13825502 Ra§ UB7E 26847 E Ix32 26841 6 I8
1e #1875 A3 13825023 RaZ I-32 20847 RaStPaul 28844 2e g @

Fih: Total Two-Directional Mileage 7.0

Averace Number of Lanes &

Average [aily Traffic aeel
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3 W 1533 T 13872551 ST 23849 ist Av 289:2 4 Y
9 A3LSTS [H3D 12823000 W IH3 28849 RoS 1H4S 28846 K] 1

FS: Total Two-Directional Mileage 2,97

Average Number of Lanes 8

Average Daiiy Traffic 128000
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5 § U575 Central 13752081 RpEIH30 28829 RpBryan 28830 35 32
! 130575 1432 13821589 § U373 23820 dran 15632 k?) ER
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FB: Total Tao-Directiona: ¥ileage 4.7

Averace Number of Lanes &

Average Daily Traffic 127202
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£1: Woodall Rogers
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F7: Total Two-Directional Miieage 4,45

Average Numoer of Lanes 8

Average Daily Traffic g2ee
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APPENDIX E

SUMMARY RISK CALCULATIONS
BY ROUTE SEGMENT
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Hazardous Materials Routing 11 - Dallas CBD
Accident Probabilities for the Total 1/2-Mile Exposure Area - 24-hour Rnalysis

A, Arterial Segments fRverage Total fAnnual Annual fAccident 24-hour Total feccident Total
fnnual One-way Traffic wr Probability Total Total Vehicle ficcident Conssquence Exoosure
fAccidents Nileage Voluse oer Million Employsent Population Y [~ per mile Miles

wr

Al Contanental/Industraal

2 1.3 7480000 7180800 0.278520 22034 630 103 22187 1739.38 2902417

[+ Tndustraal

32 0.7 8160000 4243200 0. 754187 9 0 18 bl 10772.85 S278.7
LY} Industrial /Corinth/Lasar
42 3.4 6120000 16952400 0.267732 199% 9016 9 29062 8522.500 99:01. 82
M Corinth/Central/Pearl
2.2 1.7 4420000 7514000 0.292706 109951 539 180 115670 68041.17 196639
L] Good Latimer/US: 75
3 1.5 3060000 4069600 0.73N36 70838 23% 19 75213 49482.23 114323.7
[ 3 Canton/ 1st/nend/Parry/Peak
1.6 2.3% 2720000 3494400 0.291205 $19% 1755 1”7 69088 29%13.5% 1649256
A. frterial Seguents Total Risk Exposure
Risk Factor Niles’
Factor per sile st
At Continertal/Industrial
6341.076 4840. 516 8306. 809
R Industrial
5687.028 8124. 226 39%0. 920
A3 Industrial /Corinth/Lasar
T200.184 211149 4582, 62
M Corinth/Central /Pear]
33866. 64 19921. 55 §7573.30
;] Good Latimer/US 75
5042, 28 36475, 18 M2re.26
L3 Canton/ist/n2nd/Parry/Peak
2035477 8623.634 48030. 19



¢’3

B. Freevay Seguents fverage Total Ainnual Annval Recident Total Total 24-Hour Total fccident Tatal
fnrveal One-tay Traffic T Prodabaltty Emaloyment fopulation Venicle Rccident Cw.m»:‘ncp Ec;\sun
Accidents Mileage Voluse per million Occupancy Consecuence per miie LAY
et
Fl TH 33 Stessors 2.6 1.9 62900000 1.06+08 0.249972 33464 634 622.25 372025 2i836.63
F2 IH 30 IN 35 Common
3%.8 .17 62560000 73193200 0.502763 10111 105 427,88 10643, 88 9097.313 12453.33
£3 RUE 478 2.3 47260000 1. 1E+08 0.437846 3781 an 623.89 956,89 21193.45 110%0. 4
8 e 10.6 3.3 27200000 95200000 0. 113344 20324 14783 461.92 43368. 12019.69 15991.2
2] M¥PE AT 2t 1,485 43520000 64627200 0. 324940 2000 13603 24,32 W9 32 23526.81 51881, 92
3 I US 75
- 8.2 .35 36380000 8710100 0.094312 08838 10238 467.19 99581.19 3.8 238501.7
F1 SH 366/4dl Rogers 7 2.225 21080000 46903000 0. 149244 me 6219 [ 103609 46565. 04 2305%0.0
B Freewsy Sequents Total Risk Eaposerse
Rish Factor Rish
Factor per wile Facter
Fl It 33 Stemmons 8340. 242 sm.a 13578.9%
Fe 14 30 IN 35 Cosmon
$351.372 A573.822 6261, 103
F3 m ¥ 21435.61 2.4 L} S 1% 4
F4 LI 7
5073, 850 1M9.671 17738 & frrusl Tratfic Volume = Averace Daily Traffic ¢ U9
V""ﬂmu Traffic Voluse & (2:usted Mileage/190) - for Aetersals
s MPE T = e Areuel Traffic Voiuse o (otal R:leage / 200 - for Freeways
113%2.55 7644, 816 H 16ent Jropad:l:t : et
, . 2-nour vericie :-:.'.;::c;m' Rase Jer v:ilion VT = (Average Annual Rocicer:s/vaT)o1000000
Shmowr -8 SCIiANCy * eeighiec Sue of Daytise (675! ang Nighttise (32 Cccusancy Rat
.-é-l.. ;lm.:—r Yiles = Tota] Acucest Conseauence ¢ Total Mileage ) 7 e
Cl4l Actizers Tonser.ence = S.w of Javlation, Syat . y .
fb I ASNE T3 Azc.dert Zorsecuerce dev e:le = Tota: Cm‘ ::x;;m.;r‘:‘oz:m' e Qocusancy fate
Tital ise Fact ":tel Aecicent Consecuerce ; Reciderst Dr.:;::_“'lllm
9719 IR 2um3, % L5+ Taztor 3 2ile s “otal L Factor / "ot Mileage by
Sriitre Ria- Facter = Tclal Exsosure Y.ies ¢ Rocigent Arosad:lity
(24 SH 366/Wd]1 Rogers 13463, 04 6949, 681 34403, 26
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Hazordous Materials Routing 11- Dallss CBO
Accident Probabilities, Consequence, Exposure, and Risk Factors by Time of Day

1. Daytime Statistics - For the 1/2-Nile Exgosure Area

L.A. Arterial Segments fverage Rd)usted fnnual fAnnual Total Accident Total Total Baytise Daytine Daytine
fnneal One-way Traffic wr One-way Probability Baytime Saytioe Vehicle Esploywent fooulation
fAccicents Rileage Voluse Nileage ser Rillion Ewployment Population o Occepancy per wile ser ile

190084 wir

[} Cont inental/

Industrial 2.0 0.9 7480000 7180800 1.3 0.278520 18508. 3% 53 103 10128.67 192, 3664

R Industrial

32 0.52 8160000 4243200 0.7 0. T5A147 6147.9% 16 102 702.8 22.85714

a3 Industrial/ .

Corinth/Lasar 4.2 an $120000 * 16952400 M 0.7 16763.04 3606. 4 100 915,047 1057.5%5

A Corinth/Central

Pearl/Canton 2.2 L7 420000 7514000 1.7 0.292786 937%.6 11,2 % BITS.64 1304, 235

(] Good Latimer/

FriS8 7S 3.0 .3 3060000 4069800 1.8 [ §74F 9 59320, 72 16%.4 19 9150, % 1114. 736

L3 Canton/First/

Second/Parry/Peak 1.6 0 2120000 3494400 2% 0.29120% 7% 28 20504 w 182, 2987.457

1.8, frterial Segwents Dayt ime Total Daytise ficcident Total Risk Total Exposwre
Auto Occepancy  Rccident Consequence Risk Factor Exposwre Risk
per mile Consequence por wile Factor por nile Miles Factor

1] Coet inental/

Indestrial 107.2916 18063.56 14399. 66 3233, 088 4010. 601 ML 682.533

R Industrial

0 6345. % 9068, 657 AT85. 791 A3, 1S M. 112 3350, 054
a3 Indestrial/
Coristh/Lamar  64.901% 20549. 44 6026, 228 3091175 1903 0073. 9% 17360, %
[ Corinth/Cantral
Pearl/Canton S2.94117 96105.8 5653%.82 28138.50 16332.06 163378 AT035. 46

(-] Sood Latimer/

Fris?s 89.47268 613,12 #0351, 39 43211, 64 297 % 2227.06 68721.70

R Canton/First/

Second/Parry/fesk 62.87128 5091368 21513. 99 14826, 3¢ 6282, 330 1201%.2 MI%. 10
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1.5. Fresway Sequents Rverage Adyested fdjusted [ ) Total RAccident Total Total Baytine
Day
::u‘l.' :ruy :‘n’-:l wr Oneay Probability Baytise Daytise E.::ml. ::::mn
idewts i loage raffic i leage per Nillion Empl Population
1900-04 ol oyeent Occupancy per Mile por Rile
Fi 14 35 Stewnons 2.6 1.9 62900000 1.0E+08 1.9 0.243972 28109.76 2536 [ ] 1%19.09 159. 4968
f2 16 30 IH 35 Comon 6.8 1.17 62360000 13195200 117 0.502765 9%07.2 «® S81 .81 5. 8973
[2] 3 a8 2.3 47260000 1, 1€+08 . 0.427846 36730, %4 100.8 ™ 13909, 43 792,304
F4 J L] 10.6 5 27200000 95200000 35 0. 11134 [ 1B 1Y 3112 553 nNn.% 1689. 403
FS IN 30 E. Y 21.0 1488 43520000 64627200 1.485 0. 324940 17560, 4 SML.2 5 1182787 %64, 107
f6 TH A%/
(3]
82 238 35380000 87130100 .39 0.0M112 440, T2 A103.2 9 31165.22 1713.238
f1 S 36 7.0 2.2 21080000 46903000 .25 0. 149244 81602. 64 8.6 2% BE18. W 1118, 022
Noodall Rogers
1.5. freeway Segments Baytise Total ficeident Total fisx Total Exposure
futo Occwpancy  Accident Conssguence Risk Factor Exposwre Risk
por sile Consaquence por sile Factor por aile fales Facter
F1 IH 35 Stesmons  531.4465 29208. 36 18370.03 T104. 466 4510.532 129 11423. 30
F2 It 20 I# 35 Commont36. 5811 f8X.2 8AB7. 3%0 A9R.39 4267. 144 11618.33 541,29
Fl M3 3235811 33333.64 17021.54 17222.10 N 20860, 70 91301
4 M &S 138 31938. 36 9125, 45 3956. 161 1016, 046 1.2 12046. 56
2] H30E RY m.nun 23360.6 15863, 72 765, 795 5155, 417 3A987.49 R
Fe IH S/
ST
254.2797 79352.%2 BIR. N 7468, 072 318193 190050.2 17886.03
F1 SH 366 109.6629 3. 24 31903.02 12506. 39 33-“ 18T8AL.6 20004, 72

Woooall Rogers
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11, Nighttise Traftic Statistics - the 1/2-Mile Exposure Ared

1LA Arteraal Moutes fverage Ad justed fd justed fincnal Total fccident Total Total Vehicle Kighttise Naghttise
Rnnval Ore-way Reewa) wi One-may Probability fagnttise Highttiee Ocoupancy Exployment fopulation
ficcidents Mileage Traffic Nileage por Rillion Esploynent Population Nightt1ee per Nile per Nile
1980-84 wr
A1 Continental/
Industrial 2.0 0.9 7480000 7180800 1.3 0.278520 355, M 630 103 2691173 480. 9160
(4 Industrial
.2 0.5 8160000 4243200 0.7 0. 750147 171,04 w 13 1672914 7. 14285
A Industrial/
Coriath/Lasar A2 an 6120000 16952400 34 0.207732 3192.96 016 1% 93. 3519 2643. 988
[ Corinth/Central Expwy/
Peari/Caaton 2.2 1.7 4420000 7514000 1.7 0.292786 17866. 4 543 % 10809. 64 3260. 548
-} Good Latimer/
Fr8 TS 30 .33 3060000 4063800 1.5 0.7371% 1133228 2% 119 7458. 136 2706.042
[ Canton/First/
Second/Parry/Pesk 1.6 2.0 2720000 54900 2% 0.291208 330.72 17626 [F4 2529. %6 7468, 644
11. Muphttase Traffic Statistics - the 1/2-M1le Exposere fres
ILA. Arterial Roetes Nighttiae Total fccident Total sk Total Exposure
fsto Ocoupancy  Naghttime Consaquence Risk Factor Exposure Risk
per mle fccident Per sile Factor per mle fales . Factor
Consequence Nighttime Nighttime Nighttise Nighttioe Naghttise
Al Cont1nental/
Industrial 107.2916 AT M 325. 17 1186. 062 903. 3914 3578, 3356 1353, 42
R Ingustrial
351.92%0 139,04 1991. 405 1051.312 1501.874 97,828 7359185
A3 Industrial/
Corinth/Lanar 49.09747 12304, % %20, 222 2058435 8%.9153 420%. 31 10429. 46
M Corinth/Cantral Expwy/
Poarl/Cantom 32,9117 23499.4 13823.17 6800, 314 4047243 99,90 116%.53
;-] 6ood Latimer/
Fris?s 8347268 15692.28 10323.8 13567. 3% 7610.104 a3852. 26 1752, 3
[ 3 Canton/Farst/
Second/Parry/Pesk 62.87128 26083, 72 11052, 42 TS 785 218827 [StoAY 1795.91
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II.A Fresway Routes

fanwal

Total

ficcident Total

fverage fdjusted otal Total Venicle fagnttime Naghtise
fanual One-way Trattic wr One-ay Probability Nighttise Nighttine Occupancy Eaploysent fopulation
ficcidents Mlsage Voluse fileage per Rillion Employwent Population gnttive per Male per Male
1900-84 wr
Fi IH 35 Stemsons .6 LR 62900000 1.0E+08 1.9 0. 245972 535424 [+ 1% 33%2. M6 39. 7421
F2 IH 30 IH3S Comon  25.8 . £2560000 73195200 .17 0. 502763 ines 105 m 1515213 55. 10338
n WX (YA ] a3 47260000 1.3E+08 2 0.437046 2000. 16 Ly we 3030, 372 1901.309
Fe MAS 10.8 ES } 27200000 93200000 3.5 0. 111364 4831.04 1478 n 138624 22314
2] HXE AT 21.0 1.488 43520000 64627200 1.4 0. 324900 356 13603 1% 5. 2% 9160.26%
Fé IH A5/
s a2 2.3% 36380000 8710100 2.3% 0.0%4112 217,28 10238 174 333,233 4243.089
£ S %6 X EX-] 21080000 46303000 .25 0.149244 15543, 36 6219 7 " 988,179 21%5.056
Woodall Rogers
LA Freemay Rovtes Nighttise Total Recident Total Risk Total txposure
- fsto Occupancy  Accident Consequence Risk Factor Exposure Risk
per mle Consequence Per aile Factor per mle files Factor
Nighttime Nighttine Nighttime Nighttime Nighttime Nighttime
F1 14 35 Stesmons  106.9182 615824 3873. 106 1514760 52,6795 9791.601 2408. 469
F2 IH 30 IH3S Common 100 1994.8 1704. 957 1002. 916 857.1931 2333.916 173,411
fl H X 78187 uTH. 16 5090, A4S 5148, 710 2228. 879 27163.65 11893. 52
F4 I A5 7314285 19911.84 3689, 097 217.0%4% 533, 4498 6969144 7759, 761
e e
— :::::“ yosume ¢ 09,usted Onasey Bilnage arterraisi
(3] 1M 306 &Y 107.0707 171026 11520.26 5358, 953 3743.403 2540478 8255.045 Average Arnual h::mt l:s\:-!:;: m;“':"ﬂ' {Freeways)
Prodabilaty of Accidents Per Adents for 1980-1994) /5
.. Mllion WIT = vy 4 A
?ilu‘u Populaz10n = Total Segeent Popelation s z"" 1 Treck dceidents
?l;-’l:-l* Populatior. = Tota) Segaent Populat o . '
e g :5, vaylime Espioyment = Total Segment Esploysent ¢ “
Nigattime Explo, x .
72.65135 24649.28 10291.97 2319.7% %8.5997 9035.02 5555912 Tetsl Rccigent 5:::,,,,2:“ ;“';:;tf:’mt‘o .6
) aty
3::;?.;‘“ F::""‘f’km aile = Tota! Aecigent - :z.l., ::::::"" Aeto Ocoupancy
s N or * Rcc.cent Probability ¢ Rileage
F1 S 366 109. 6629 22006.36 9990, 498 328, 321 1476.099 A8, 15 1307.614 Risk Factor ser Myle = Topar 1ty * (Sen Daytime Popylat
woodal] Rogers %r Mle = Tota! Bk Factor / Adyustey i 1% Daytine Enployment,
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4azardous Materials Routing I1 - Dallas CBD

Recacent Srobanilities for the 1/4-mile Exposure Area - 24-hour fAnalysis

A. Arterial Seguents Rverage Total Rnnual Al Accident 24-hour Total fccident Totai
fnnual One-way Traffic wr Probanilaty Total Total Venicle Accident c £ ]
ficcidents fileage Volume :; sillion Enoloyment Popuiation Y por sile Niles

LH Continental/Industriai

? 1.3l 7480000 7180800  0.278520 4593 3 103 %9 3587. 022 6155.63

[~ Industrial

2 0.7 8160000 4243200 0. 750147 57 1 182 640 914, 2857 i
A3 Indestrial/Corinth/Lasar
42 3.4 6120000 16952400 0. 24772 14120 1% ® 19400 5689. 149 66154
" Corinth/Cantral/Searl .
a2 1.7 4420000 7514000  0.292786 305t 1us 18 31882 18754, 11 54199, 4
(] Good Latimer/US T3
' 3 LR 3060000 4063800  0.737136 17001 m ) 105 11902.63 a8
[ Canton/ 1st/n2nd/Parry/Peak
L§ 2.3 2720000 3494400 0,291205 13363 2010 vy 15500 6567. 7% 3653¢
A Arterial Seyaents Total Risk Exposure
Risk Factor Risk
Factor per mle factor
Al tinental/ Industrial .
1308, 767 999.059¢ 1714, 485
R Industrial
482,634 689, 3065 337, 8582
/3 - Incustrial/Corinth/Lasar
. 4806.399 1403, 501 16389. 82
M Corinth/Central/Pearl
9330. 628 3%, 738 15864. 86
RS Good Latimer/US 73
13336.28 8773. 8659 2027114
A6 Canton/ 1st/n2nd/Parry/Prak
4513.686 1912.579 10652, 30
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Averace S Anecas arnuat Aecaden Totaf Toxds 2i-Howr Tobs.

L 184 evaa

Annual One-way Traffic (L1 Prosanility Esploywent Popuiation Venicle Reciaent Consequence Zxg0§4c2
fAccidents Rileage Voluse oer million [’ Y Consaq per nile Mies
wr
a1 1H 35 Stemsons a8 ] 52300000 LOES08  0.25972 13010 ] 6225 1370725 8620911 - M
2 IH X0 IH 35 Common
%.8 117 62560000 73195200 0.50276S 3% 1 2n. 4024.88 3440, 068 709,163
S ) a8 2 47260000 11EWB 043784 16102 178 628.89 18464.89 T993.458 A2653. 6
o] 43 ...
10.6 3.3 27200000 95200000 0.111384 10353 6336 461.92 17352. % 4957.97 60735.::
3 HXE AT 2t 1.085 43520000 64627200 0. 324340 8810 8317 K¢ 14351 9798. 868 21608.7°
L]
13 IH 35/U8 75
8.2 2,395 35380000 T AM3010  0.0%4112 28833 2291 467.19 3159719 13192.98 TS675.&°
F1 Si 366/1 Rogers 7 .25 21080000 %3000 0143244 218 1203 2 38102 1739415 11108
9. Freeway Sequents Total Risk Exposure
Risk Factor Risk
Fector par mle Factor
13 IH 35 Stemmons 371612 2120.511 5360. 8654
] 14 X0 IH 35 Conmon
2023. 369 1729. 546 2367.576
F3 I 30 8084.793 3499.910 18675, 87
F& MAaS
1932, 152 352.0436 6752. 333

fnral Trafic Volwe = Averaze Sarly Traffic @ 30
VICzfnnual Traféic Voluse ¢ (0;ustec Mileage/100! - for Arterials
5 H30E AT 4728.314 3184. 050 T021. 546 Arnual Traff.c Voiuse ¢ (“otal N:leage / 200! - for Fresways

Accicent Jrobasility = Accicent Rate Ser *:0lion VT = (Rverage Anndal Accioents/VeT)e1000000

24-mour Vehic.e Jozidarcy = etignied Sur of Daytise 167%! arc Nighttime (32%) Occuoancy Rates
= e Tatal Exoosure *iles = Tolal Acticest Consenuence ¢ Tota® K leage
. ~ Total Aczice-: Consez.ewce = .1 of Poaulatior, Ee:loyoent, and 24-nour Vehicie Occuoancy Rate

91,679 (24L.619 121,91 f:c.r.‘.rt '.Cv:iefuﬂn:t.x.' u:lé = Total Concezieace divided %y t3tal mieage

“ti. 2.sa Factor = Total Aocacent Comsecuerce t Recidert Prezamiaty

s Tactor de- 3ile = Total Ns« Faclor / Tota! Mileage

Exztgure Ris: Cycter = Telal v . ident :L:
. o el 8 o8 % T rrsare Rise Cantc ctal Exoceure Y. ies # Accigent Provad:lity
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Hazerdous NMaterials fosting II - Dalles COO
Hazardows Raterials Mosting IT - Dallas (30
The 1/4-sile Exposere fAres by Tise—of-Bay
1. Baytise

LA, Arterial Segaents fverage Rd)ested frmeal fnmal Accident Daytise Daytime Ihyﬁ- Daytise Oaytise Daytime
Anrwal One-way Traffic wr Probabdility Esploywent Popxlation Vehicl Engloy Pooclation  Occuoancy
Rccidents Nileage Volume per Rillion Occepancy per sile oer mile per sile
198084 wr
Al Continentsl/ \
Industrial X ) 0.96 7480000 7180800 0.278520 3203.76 t.2 103 un.s .35 107.2916
R Industrial
3.2 0.5 8160000 4243200 0. 754147 381.88 0.4 182 738.2307 0. 763230 50
L] Irdestrial/
Corimth/Lasar A2 Xy 6120000 16952400 0. 247782 11860.8 2076 180 A281.817 49,4584 64,9814
M Corinth/Central
Pearl/Canton 2.2 1.7 4420000 7514000 0.227% 23637.64 T4 % 15080. % 2n.ss23 *2.99117
B Good Latimer/
Frisms Lo .33 2060000 4059000 0.7371% 14200. 04 0.8 119 10731.47 292, 3308 89.47388
[ Canton/First/
Second/Parry/Peak 1.6 2.0 2720000 494400 0.291203 1122492 804 127 5356. 291 338.01% 62.87120
I.A. Arterisl Segmewts Total Daytime fccident Total Risk Total Exposere
Recident Consequence Risk Factor Exposure Risk
Consequence per sile Factor per nile Niles Factor
A Contisental/
Indestrial INT. % 3M5. 791 21,346 939. 7236 332427 1206. 908
R Indestrial
366.28 1089 427.0588 821, 2669 3%.3% 290. 911
A3 Indestrial/
Coristh/Laser 14116.8 30%. 317 U97.472 1262. 625 A8138.28 11926. 38
] Corinth/Contral
Poarl/Canton 26200.04 15411.78 71,025 4312. 368 340,06 13000, 74
5 Good Latimer/
Frig?s 14708. 64 ma 10901.2% 81%.43%0 2,713 16369.%0
A6 Canton/First/
Second/Parry/Peak 12153, % 6017. 782 3339.071 1TR. M1 20687.97 8334. 097
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1.B. Freeway Segwents Average Total Aneal finneal fAccident Daytine Daytise Daytine Baytise Daytine Baytise
DAy rima fmnusl One-way Tratfic wt Probabality Evployuent Population Vehicle Esployment Sooulation Vehicle
Accidents Nileage Volese per million Ocewpancy per mile ser mile  Occuoancy
1900-04 wr oer mle
Fl 1H 33 Stewsons a8 1.9 62900000 1. 0E+08 0.205372 109%8. 4 » (] 6873.207 18,0679 $31, 4463
Fe I# 30 IH 35 Common  36.8 117 62360000 73133200 0. 502763 3020. 64 0.4 S8t 2581, 743 R0 8
21 "3 A0 2.31 AT260000 1. 1E008 0.43700 13523.60 633.6 ™ .2 00, 23% 3255418
F& M 43 10.6 35 27200000 93200000 0. 111344 59%.2 26184 m 2488.2 N6 159
3 M WE RT 21.0 1.083 43520000 64627200 0.3249% 74004 AR - L} ‘) JLY-280 S 1 %k 1k I
Fé N WY/
[T 3]
82 [ ] 36300000 8710100 009112 2219.72 9188 (] 10112.61 3036323 F- % )
(2] o %6 1.0 [X- -} 21080000 46903000 0. 149204 31260.6 a97.2 oW 10003, 9 23,4606 104. 6629
toodall Rogers
1.5 Frommy Segmwts  Total flecident Tokal Nisk Total Exposere
Accidemt Consogesnce Risk Factor Exposwre Risk
Congequence por sile Factor sor uile Niles Facter
F1 IN 35 Stammone 110034 TA23, 522 2%01.317 1625. 988 1%L % 816274
24 IN 30 11 35 Common 3602, 0% 2078, 666 1810, 900 107. 46 A214.306 2118007
F3 mX 1728 6401073 63%. 127 ann 583,63 15142, 0
Fé N4aS “11065.6 33%. 171 1321.169 n.am A6 620,09
 MPE RT 10082.2 700, 360 ZR.us 20013 14972, 06 “a6s. 0 r‘“ Tratfic iolue @ Averase Jarly Traffic ¢ 300
el Irafﬁc Voluse ¢ (Ad;usted Wileage/100) - for Arterials
e Arnvai Traffic Voluse ¢ (“3ta] Nileage / 200) - for F,
icent Jrodanslity = Accicent Rate Jer Willion VT s ¢
24-s0ur Vehicle Sema. . ! ¥T = {Average newal Accicents/vST) 01000000
[ IN WS/ _“'mu_- dehic.e Jezuzancy = deighied Sun of Daytise 167%) ang Nighttine (3::,“:;“"“
..Jt"-‘ a30sure “les = Total Accident Consesuence ¢ Total Mleage T Sy fates
(L 38] ™ P 520045 :4 l 3#::::*‘. -onsec.e-ce * 5.3 of Pooulation, Ea2isyeent, and 24-nour Vehic: dec i
57,3 10750.53 2423.1% 1011 rec.dent Zoniecuence der wila = “otal Concesvence divided by total mi €16 ocuotecy late
:t.a.-l;sh Facter = Tl ficcizent Consec.ence ¢ Accicent ’rc‘a;.'"l tige
s« Taztor e tile = Tatal s« Factor / *atal M'ea -ty
2] S %6 32001.8 2.8 . 082 2146.553 71200.00 10626. 78 asesure 8 leage

Sioodal] Mogers

i3 Tacter = Total Exacsere Yiies ¢ Gecident Arosanility
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11.A. Freeway Routes fverage Total fnneal Annual fceident Nighttime Nighttine Nighttise Nighttise Nighttise  Nagnttiee
Rensal One-way Traffic wr Probability Esployment Population Vehicle Esployment Pooulation Wehicle
Ninrvime Accidents Niloage Volwme per sillion Occwoancy per mile pev mile Occuoancy
1900-84 wr ver sile
Fi IH 35 Stesmons 2.6 1.9 62900000 1.06+08 0.200972 2001.6 b1 10 1309, 182 47.16981 106.9182
(24 IH 30 IH33 Comsmon %.8 .17 62560000 73193200 0.502763 ST3.36 1 w 491.7606 0. 854700 100
f3 I 30 (YN ) a3 47260000 1. 16408 0. 437846 25761 1% 182 1115.2% 750. 6493 .87
F8 K4S 10.6 3 27200000 95200000 0.111344 1656.8 633% om A73.3714 1067. 420 79. 14208
2] IH30E AT 21.0 1.483 43520000 64627200 0. 3249400 1409.6 37 199 99.2258 3580. 471 107. 0797
Fé Ih WY/
nwn
a2 2393 36380000 87130100 0.09112 613.28 N 174 1926. 212 959. 0814 72,6513
24 SH %6 1.0 2.2 21080000 46903000 0. 149264 59344 123 F-0] 2676134 58,6316 109, 6629
Noodall Rogers
ILA. fFresway Rowtes Total Nightine Total Nightime Total Nighttionw
Nighttime Accident Nighttise Risk Nighttise Exposwre
fecident Conseguence Risk Factor Enposwe Risk
Consegquence Por nile Factor per sile Riles Factor
F1 1% 35 Stowmons 2326.6 18463.20 S72. 2006 399.9249 %952 909. 9262
F2 1N 30 IM35 Common  693.36 5.6133 348, 5972 297,943 811.2312 407.8508
F3 ¥ R 2 19, 727 1966. 48 051.4%% 10377.2% A3 649
Fa IN &S 849.8 241392 M1.0659 269474 2363 3308. 730
Anraal Trafic Vo.wme = Rverace Daily Traffic o W
Vi zAnnual Traffic Volume ¥ (R0:usced Mileage/100) - for Rrterials
Fs M¥PE AT 6883.6 4636. 767 2231, A10 1506. 673 10225, 11 3322, 555 Rrnva. Traffic Voiume ¢ (Total R:leage / 200! - for Freewdys
fccicent Jrobasiiity = Accicent Rase Ser %:il:on WWT s (Averaze Annual Accicerts/VeT)#1000000
Zi-mpur Vetic.e 202usd" v ot egighied Sur of Daytime (671! anc Nighttise (32X) Occusancy Rates
“atal Swaosirz Yiles = Total Aocicent Consecvence ¢ Tctal Pileage
F6 I 5/ “gtal Acsicest Sonses.ece = 3v of oulation, Srzioyment, are 2e-noir Vehicle Occuparcy Rate
57 pocicert Corsecuerce 2e- r.li = Total Concesience givided By tital sileage
1004.20 2957. 943 666.7167 218, 3785 16966. 83 15%. 786 *rtel Siee Faeicr = T2tal hocicent Consesoerce ¥ Recicert Prozability
R.5- Taztor Jer aule L Tg« Fazicr / Total Mileage
Dazseure sy faztor = Total Exagture Yiies ¢ Recicent Arotad:lity
(2} S 366 1441, 4 330, M9 1110. 588 499.13% 15357, 11 2471, 053

Woodall fogers
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IL. Nighttine

: i ightti Nighttise Nighttise Nighttise  Nighttise
R, At fver hojusted Arnaal Anoual fccident Nighttise Nighttine ,
(LA, frterial Rostes ﬁm:r th:-uy Tratfic wr Probability Esoloyment Pooulation Venicle Engloyment Pooslation  Vemicle
Accidemts Mileage Voluse per million Occepancy oer mle por mile Occupancy
1960-84 i | oeraile
fl Continental/
Industrial 2.0 0.9 7480000 7180800 0.278520 734,88 3 103 765.5 3125 107.2916
R Industrial :
3.2 0.5 8160000 4243200 0. 754147 1312 1 183 140.6153 1.92307% 351.230
wal/
. !l:::::;;:l.l 42 an £120000 169524000 0.247752 2259.2 1% 136 815.595% 1873.646 49.09747
L) mﬁmnl Expuy/ 22 “ 7514000 0.292786 4081, 3% 1181 k] 2872, %64 694, 7058 32,94117
n :TISL:;‘-'I 3.0 .3 3060000 4069000 0.737136 2720.16 97 19 2045.213 7%. 8210 89.47368
First/
* ml):ylhu 1.6 2.02 2720000 5494400 0.291205 2138.08 2010 121 1038, 453 995. 0495 62.07128
11, Nighttise
11.A. Arterial Routes Total Nighttise Total Nighttioe Total Exposure
Nighttise fAccident Nighttine Risk Nighttime Risk
fccident Consequance Risk Factor Exposere Factor
Consequence per wile Factor per wile Niles Nighttime
fal Continental/
Indestrial 640.88 8735, 9166 234.2023 243.9607 1101. 5% 306. 8050
[ Industrial
a7.12 494, 4615 193, 9064 32,8970 179. 984 135, 745
a Industrial/
Corinth/Lamar 7588.2 a8 339 1. 22 678.430% 23063, 33 6408, 251
] Corinth/Contral Expwy/
Pear/Canton 615436 3%20.211 1801915 1059, 950 10462, 41 063, 256
L] Good Latiner/
Fri8 TS 3811.16 2065. 513 2009, U6 2112.2% 5792963 4270.207
6 Canton/First/
Second/Parry/Peak  4273.00 2118. 376 1244, 927 616. 3005 10089. 18 2938, 028
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Yazardous Materials Routing 11-Dallas CBD
Rccident Probabilities for the Total 24-hour Exposure Area - Using default accident rates.
Risk Statistics based on the Total one-way Mileage - WT based on Acusted one-way Mileage

R, Arterial Segeents fverage Total Annual Annual fccicent 24-hour Total fccicent Total
Annual One—way Traffic T Frobantitty Total Tatal vehicle Accident Consequence Craosure
Accidents Miieage Voiume oer Miilion Emn:oyment Pooulation Occypancy Consequence per miie Mies
Wl
Al Continental/Ingustrial
2 L3 7480000 7180800 8.7 2034 630 103 2167 17379. 38 98T
] Industrial
3.2 0.7 8160000 4243200 6.9 719 L 182 oMl 10772.85 78"
A3 Industrial/Corinth/Lasar
42 la 6120000 16952400 6.2 19936 9016 9 29062 8522. 580 99101 &
R4 Corinth/Central/Pearl
2.2 1.7 4420000 7514000 111 109951 5539 180 115670 68041, 17 19663
[+] Good Latiwer/US T3
3 1.5 3060000 4063800 1.3 T0858 X% 19 8213 408,23 114323,
L C‘MthstlvﬁdlhrryIM
1.6 2% 2120000 49400 1.3 S19% 17765 127 69808 2%13.55 164935.¢
A, Arterial Sepeents Tetal sk Exposure
LIt Tactr *1les'
Fact:- Ler nile Risk
fil Continental/Industrial
198072.9 €16 290754
] Industrial
490:6.5 022,57 WL
.
LY Indostrial/Corsmth/Lasar
180184, 4 52840 §:4428.9
A4 Corinth/Central/Pearl
1283937 T55257.0 sxmn,
A5 Good LatiserS 7S
649906.9 SS'M:!.E 1291858,
A6 Canton/1st/n2nd/Parry/Peak
789734, 4 334633.2 1863773,



13

.

B. Freemsy Segments fverage Total Adjusted wr Accident Total Total 24-Hour Total Accident Total
Annual One-ay Arneal Prodabi ity Esoloyment Population Venicle Accicent Consequence Euposure
fiecidents N1leage Traffic per Rillion O y [x oer mile Niles

L
F1 IH 35 Steamons a6 1.59 62900000 1. 0E+08 3.21978 33464 634 622.2% 720,29 21836.63 S5205.19
114 IK 30 IH 35 Common
36.8 .17 62560000 13135200 2.36106 toit 105 427.88 10643, 88 9097.313 12453.33
F3 G 41.8 2.3 47260000 1. 1E+08 5.37199 43151 AST? 628.89 48956. 89 21193.45 1109%. 4
Fé IH 43
10.6 3.3 27200000 95200000 5.88 30324 14783 4619 45368, % 13019.69 15M91.2
4] 1N 30 E RLY 21 1.483 43520000 64627200 2.41461 20910 13603 426,32 34937. 3 23526.8: 51801,
Fé H AS/S 75
8.2 2.3% 36380000 87130100 4, 13915 88838 10238 467.19 99583. 19 A1579.62 238501.7
F1 SH 366/4d] Rogers 7 .23 21080000 46903000 2.589 97146 6219 (L] 103609 46565, 84 230530.0
B. Freeway Segments Totat Risk Exacsure
Risk Factor ?iles'
Factor per mile Risk
Fl N 33 Stemsons 111790.5 10308. 50 17T146.9 .
74 IH 30 IH 35 Comson
25130.83 21479.24 29403.08
F3 0 263387.5 114020. 5 £08425. 3
F4 HAS
2679452 76535, 78 937008. 3
Arrual Tratfic Vilume = fiveraze Dally Traffic ¢ 342
. IR —— VWzraval Traffic Volume # (2d3usted Mileage/170) - for Arterials
[5-1 I 20E RT 84360.00 56808, 08 1252746 Arral Traffic Volume # ("otal M:leace / 200 - for Freeways
Accicen: ropanility = Accicent Rate Jer ®.llion VT = (Rveraze Annwal Accicents/vaT)#1000000
Sh-mour Vemic.e JITusANCy * eeighiec Sur of Daytise (67X ang Nighttime (225%) Dczupancy Rates
...... Tital Ixacs.ce Yiles T Tatal Aocicent Conse: Total
6 HONSAS TS a :x\, e Fx e«l E} a_ f. c:'z o:\se vence o. ta .u"‘f
ze-: lorses.emce = S.v of doaulation, Swilzyment, ard Ze-hour Vehicie Occuoarcy Rate
W1S12.9 seceerce 26 £ile = Total Conceruence divided by total eileage
151 196875.9 1129285, Tl Recicent Consecuence ¢ Recicert drozatility
------------------------------------------------------------------ A.se Tartor a2 mile = Total Usa Factor / Total Milmpe
€1 o 366/W0 R 28136.9 120600. 8 537049, 7 facreare st faster = Tztal Exazecve %.les ¢ Recicen: Protad:lity
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Hazardous Materials Routing I1-Dallas CBD- 1/4-mile sx3osure area

Recident Prodabilities for the 1/4-sile Exoosure Ares Total 2¢-hour period - Using default accicent rates

Risk Statistics based on the Total one-way Mileage - VMT based on Rdjusted one—way “ileage

A Arterial Segments m: Total Adjusted wr Probab’y 24-hour Total Accident
m“:'" ::-uy :m:u ngfndn: 'otfl 'ota} Venicle Accident Conseguerce
4 eage raffic rill Wt Ewoioyment Pogulation Jcewpancy Consecuence oer mile
L1 Cont inental/Industrial
2 L 7480000 1180800 8.7 4593 3 103 L 3] 3587, 022
2 Indestrial
3.2 0.7 8160000 4243200 6.5 AS? H 182 640 914, 2857
A3 Industrial/Corinth/Lasar
A2 kXY 6120000 16952400 6.2 14120 590 9 19400 5689, 149
[ Corinth/Central/Pearl
2.2 L7 4420000 7514000 1.1 30521 1:81 180 31882 10754, 11
RS Good Latimer/US 75
3 1.5 2060000 4069800 13 17001 9712 19 18092 11902.63
3 Canton/ 1st/n2nd/Parry/Pask
1.6 2.% 2720000 5494400 i3 13363 2010 t2r 15500 6367.7%
A, Arterial Seguents Total fist Exposure
Ruisk Cactor Niles'
Factor ser nle Risk
A Continental/ Indestrial
40881.3 1.0 S15%4. 59
[ Industrial
M0 5942.857 2
[ Y Indestrial/Coristh/Laser
12020 mer.r 01508
] Corinth/Cantral/Pesr]
3338%.2 208179.7 6016:3.3
[} Good Latiser/l5 75
20M3%.6 1304937 1310748, ¢
A Camton/ 15t /ndnd/Parry/Puak
173150 74216.10 413354

Yetal
Inxsae
Viles

6:55.89

“e

66154

S4199.4

27499, 84

36380
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B. Freeway Segwents Rverage Total Rd justed wr ficcident Total Total 24~Hour Total fccident Tota
Annual One-day Anneal Probabdility Esoloysent Pooulation Vehicle Recident Conssauence  Exdos:
Recidents Kileage Traffic per Million Oce Y G per mle Nyles
wr
Fi IH 35 Stemmons 20,6 1.59 62900000 1.0E+08 L2 12010 ] 622.25 13107. 5 $620.912 21794, 52
FR 1M 30 IH 35 Common
3.8 1.17 62560000 73195200 2% 33% 1 421,88 4024. 88 3440. 060 4709.109
] i X AL.8 3 47260000 1. 1€+08 5.3 16102 173 628.89 18464 89 3.4 42633, 89
Fé4 IH A5
10.6 .5 27200000 95200000 5.8 10355 6536 1.9 173%2. .M 60733, 2
3 WX E M7 21 1.485 43520000 64627200 2.41 8810 317 24,32 [L- -1 979. 868 21608, 71
Fé IN 3AS/US 75
) 8.2 .35 36380000 87130100 (A 28013 : 297 467.19 315972.19 13192.98 ™. 27
24 SH 366/Wd]1 Rogers 7 2.25 21080000 46903000 &5 31213 1243 (] 38702 13915 86111,.95
8. Freswsy Segmnts Total Risk Exposure
. Risk Factor Niles'
Factor per nile Risk
F1 IH 35 Stewmons M137.38 2758. 13 70178.37
F? IH 30 IH 35 Common
9498. 716 8118, 561 11113.49
F3 H 30 99341, 10 AX004. 80 2979
] M 45
102035, § 215.% Brao
Frrial Traffic Viluee = Averaze Taily Traftfic e 3
3 H®E RT 35068. 68 2615.21 Se0%6. 99 W eAnnual “raffic Voluse ¢ (Acustec Pileage/1n3: - for firterials
Rreal Traffic Voiume ¢ (Total Zilease ¢ 200 - for Freemays
"k:::ev.: robadiiity = Accicert Rate Jer *.llion VYT = (Averaze Anneal Accicerts/VeT)#1000000
f-~r=our Ve.c.e Jollanty = eeigniec Sor of Teytise 675 anc Nignttime (32%) Szcuoancy Mates
f6 H WS/ TS 318l Exdoscre Milew T "stal Rozz.cee: Consezuence ¢ Tota: Mileace
1454, 7 62402, 80 357944, 0 : -ece s 5-"7'-’ .?::wlat;or.. Srzlvyment, arc &4-nosr Vehicle Occubarcy Rate
-.& = Total Concezience givided by : mleage
Reticent Consec.erce + Rocacers P-icatility
- — 100238, 1 45050. 86 223029.9 2.8« Fazicr / Total Mileage

el Exdizuve Y.ies # Accicers Aresadility
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FURTHER RISK ASSESSMENT RESULTS
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TABLE F-1

SUMMARY OF TOTAL RISK ASSESSMENT BARSED ON EXPOSURE MILES

174 MILE DAY ANALYSIS
FREEWAY/ARTERIAL
PATHS FREEWAY RISK ARTERIAL RISK RATIQ OF RISK
§1-82 4616.27 1206. 35 ENE
$1-63 673S. 12 1505. 89 4,47
S1-84 26501.55 13432.27 1.97
S1-5% 21295. 26 28454, 85 0.7%
S1-S6 10626.78 36670.63 0.29
s2-s3 2118. 85 298. 94 7.09
s2-54 2188%. 28 1222%. 32 1.79
s2-s5 22126. 22 27247. 90 0. 81
s2-s6 15243. 05 3%463. 70 0. 43
S3-5S4 19766. 43 11926. 38 1.66
$3-5% 20007. 37 26948. 96 0.74
$3-56 17361. 90 35164, 76 0. 49
S4-8S 9489. 12 27767. 10 0.34
S4-S6 10427. 54 35982, 90 0.29
85-36 10668. 48 24924, 00 0. 43
TOTAL/2 218869. 22 319220.57 “To.63
TOTAL 437738. 44 638441. 14 0.69

F.3



FIGURE F-1
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TABLE F-2

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON EXPOSURE MILES

174 MILE ARER

NIGHT ANALYSIS

PATHS FREEWAY RISK ARTERIAL RISK RATIO OF RISK
s1-82 309. 93 306.81 2.97
81-83 1317.79 442,54 2.98
S1-84 9162. 17 68%0. 79 1.34
81-S5 7390. 40 9428. 19 0.78
$1-86 2471. 05 10760. 33 0.23
82-83 407. 86 133.73 3.00
S2-84 8252, 24 6543.98 1.26
s2-5% 8274.07 9121. 34 0.91
s2-s6 3380. 98 10453, 52 0.32
S3-84 7844, 38 6408, 25 1.22
S3-55 7866. 21 898s. 61 0.88
83-36 3788. 84 10317.79 0.37
S4-8S 6623. 29 9428, 22 0. 70
S4-86 4897.52 10757, 40 0. 46
§5-56 4919. 35 7208. 24 0.68
TOTAL/2 77%06. 08 107145, 70 0.72
TOTAL 155012, 16 214291, 40 0.72

F.5

RATIO OF RISK > 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ i1 INDICATES FREEWAY TO BE SARFER



FIGURE F-2
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TABLE F-3

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON SEGMENT RISKS PER MILE
1/2 MILE AREAR 24 HOUR ANALYSIS
PATHS FREEWAY RISK ARTERIAL RISK FREEWAY/ARTERIAL

RATIO OF RISK

s1-s2 5371. 22 4840, 52 1. 11
S1-S3 994%, 04 12364. 85 0.77
S1-S4 20674. 20 15076. 34 1.37
S1-S%S 18507.6% 42493, 35 0. 44
 81-S6 6949. €8 70344, 90 0. 10
S2-S3 4%73, 82 8124, 33 0.%6
s2-S4 15302. 38 1023S, a2 1.50
s2-s% 21498.13 37652. 83 0.57
s2-56 12320. 90 65504, 38 0.19
S3-S4 10729. 16 2111.49 5. 08
S3-SS 16924. 31 29%28. 50 0.57
S3-56 13192.64 57380, 0S 0.23
S4-5% 9094, 49 29673. 3% 0. 31
S4-56 $362. 82 57524, 90 0,03
55-56 11557.97 45098, 81 0.6
TOTAL/2 18200%. 01 488554, 42 0.37
TOTAL 364010, 02 977108. 84 0.37

RATIOC OF RISK ) 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ( 1 INDICATES FREEWARY TO BE SAFER

F.7



TOTAL RISK FASTOR
(Thousands
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TABLE F-4

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON SEGMENT RISK PER MILE
1/2 MILE AREA DRY ANALYSIS

ARTERIAL RISK FREEWAY/ARTERIAL

PATHS FREEWAY RISK
RATIO OF RISK

S1-s2 4518.53 4010.60 1.13
81-S3 878%.67 10847. 44 0.81
S1-54 172%7. 18 12340. 45 1.40
51-59  21396.55 34246, 20 0.62
51-S6 $656. 81 57708, 3% 0.10
52-S3 4267. 14 6836. 84 0. 62
S2-S4 12738. 65 8329. 85 1.53
s2-85% 16878. 02 30235. 60 0. 56
S2-56 1017%. 34 52697, 75 0.19
S3-S4 8471. 51 1433, 01 S.67
§3-5% 12610. 88 23399. 25 0. 54
83-56 10573. 65 46831. 40 0.23
54-5% 6147. 47 23762. 61 0.26
S4-S6 4134, 24 47224. 58 0.09
s5-56 8273.61 36026. 85 0.23
TOTAL/2 151885. 25 397080.78 0.38
TOTAL 303770.%0 794101. 56 0. 38

RATIO OF RISK > 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ( 1 INDICATES FREEWAY TO BE SAFER

F.9



TOTAL RISK FASTOR
(Thousands
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TABLE F-5

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON SEGMENT RISK PER MmILE

1/2 MILE AREA NIGHT
ARTERIAL RISK

FREEWRY/ARTERIAL
RATIO OF RISK

3.19
0.73

Q.27

PATHS FREEWAY RISK
si-s2 ss2.68 90s. 39  1.0%"
S1-83 1809. 87 2407. 26
S1-54 4672. 20 3304. 18
S1-S% 6188. 10 10012, 10
S1-S6 1476. 10 12916. 9%
s2-83 857.19 1501. 87
S2-S4 3719.52 2398. 79
s2-S5% 7462, 32 9016. 71
s2-86 2711.58 13438. 24
S3-84 2862. 33 836. 91
S3-55% $371. 28 7604. 84
S3-56 3197. 48 11996. 37
S4~-5% 4376. 85 7823.69
S4-S6 1602, 05 122185, 22
S5~S6 8273.61 26026. 8%
TOTAL/2 56133. 76 132525, 37
TOTAL 112267. %2 2650%0. 74

F.11

RATIO OF RISK > 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ( 1 INDICATES FREEWAY TO BE SAFER



TOTAL RISK FA%TOR
(Thousands
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TABLE F-6

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON SEGMENT RISK PER MILE
1/4 MILE ARER 24 HOUR ANALYSI3
ARTERIAL RISK FREEWAY/ARTERIAL

PATHS FREEWAY RISK
. RATIOQ OF RISK

51-53 2120. 51 333.06 3 13
S1-53 3850. 06 1688. 57 2.28
51-SS 7021. 65 9624. 90 0.73
S1-S6 2%9%. 98 16486. 19 0. 16
s2-S4 5781.5%50 2099. 01 2.7%
s2-S% 8413.51 862%. 84 0.28
s2-56 4716. 49 15487.13 0. 30
53-S4 40%1. 95 1409, %0 2.87
3-S5 6683. 36 7936. 33 0.84
$3-56 4741.%3 14737.62 0. 32
S4-5% 3736.09 8280. 25 0. 45
S4-S6 1793.66 15141, 54 0.12
S5-56 4425, 67 10686. 45 0. 41
TOTAL/2 69%64. 12 117049.97 0.%3
TOTAL 139128, 24 234099, 95 0.59

RATIO OF RISK > 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ 1 INDICATES FREEWAY TO BE SAFER

F.13



FIGURE F-6
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TABLE F-7

SUMMARY OF TOTAL RISK EASED ON SEGMENT RISHK PER MILE
1/4 MILE AREA DAY ANALYSIS
PATHS FREEWAY RISK ARTERIAL RISK FREEWAY/ARTERIAL

RATIO OF RISK

—————— — > T — - St o - S T Y - — — — — - o — Y — T — — - - Y —— T " — - . —————. ——— - ———

s1-s2 18&5. 38 703. 30 E.ED
S1-S3 3373. 84 1313. 38 &. 57
S1-S4 £589. 04 £339.03 2. 82
S1-S% S364. 45 7713. 40 0.70
S1-S6 £146. S5 14088. 63 0. 15
s2-53 1547. 85 €10.08 2. 54
2-s4 4763, 05 1635. 73 2.91
sz-85 €591. 71 7010. 10 0. 94
s2-S6 3972. 54 13385. 33 0. 30
S3-S4 3218, &0 1025. 65 3.13
§3-55 S043. 86 16972. 05 0. 30
S3-86 3849, 48 6400. 02 0. €0
S4-§5 2583. 62 12328, 22 0. &1
S4-56 1389. 24 £650. &7 0. 21
§5-56 3217. 90 8E71.83 0. 37
TOTAL/2 S5474. 31 100841, 02 0. 55
TOTAL 110948, 62 201682. 04 0. 55

RATIO OF RISK ) 1 INDICATES ARTERIAL TO BE SRAFER
RARTIO OF RISK ( 1 INDICATES FREEWAY TO BE SAFER

F.15



FIGURE F-7
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TABLE F-8

SUMMARY OF TOTAL RISK EASED ON SEGMENT RISHK PER mMILE
174 MILE AREA NIGHT ANALYSIS

RISK

FREEWRY/ARTERIAL
RATIO 3F RISH

1.01

Q.14

PATHS FREEWAY RISK ARTERIAL
51-52 “T3sa.52 " Ti7e.78 T TTTTTEIIaLT
51-S3 €57.87 455,73
S1-S4 1778. 81 1006. 89
S1-85 2284. 19 2251.57
S1-S6 439. 14 3572.31
s2-S3 297. 95 277. 01
s2-S4 1418. 89 828,11
52-53 2656. 11 3698. 62
52-56 853. 06 3a78. 86
53-54 1120. 94 5%1. 10
$3-S5 2358. 16 3519. 84
S$3-S6 1123. 87 3116.5&
54~-85 1776. 12 3654, 30
S4-5S6 547. 83 3250. 98
s5-56 1785. 05 4099. 82
T0TAL/2  19529.91 TTTT34340. 50
TOTAL 390%3. 82 €8681. OO

RATIA OF RISK )

1 INDICATES ARTERIAL

TO BE SRFER

RATIO OF RISK ( 1 INDICATES FREEWAY TO BE SAFER

F.17



174 MILE AREA NIGHT

EXPOSURES PER MILE X ACC. PROBABILITY

FIGURE F-8
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TABLE F-9

SUMMARRY OF TOTAL RISK ASSESSMENT BASED ON ZXPCSURZ MILES X T=HWA DZsALLT
1/2 MILE RRER 24 HOUR ANALYSIS

ARTERIAL RISK FREEWRY/ARTEZAIAL
RATIO OF RISK

PATHS FREEWAY RISK

T177746. 30

si1-s2 259475, 40 0. 63
S1-53 207149.98 293786. 35 0. 71
S1-S4 1753383. 58 908215. 75 1.92
S1-S% 1851603, 30 4572506, 04 0. 40
51-S6 5970493. 70 4000591, 04 0.1%
s2-53 29403.08 34311, 5% 0. 86
S52-S4 1575636. 68 648740, 35 2.43
s52-S% 763102. 98 4312020, 64 0.18
s2-S6 774796. 60 3741115.64 0. 21
53-54 1546232, 60 614428. 80 2.52
§3-S% 733699, 90 4278719. 09 0.17
53-56 1737710. 30 3706804, 09 0. 47
S4-S% 1063082. 90 4428639, 71 0.24
S4-56 2067093. 30 3856724, 71 0. 54
$5-S6 1254559, 60 2155631, 00 0. 40
TOTAL/2 16132258, 40 3a8127z0. 7% 0. 42
TOTAL 32264%16.80 77625441, 43 0. 42

F.19



FIGURE F-9
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TABLE F-10

SUMMARY OF TOTAL RISK ASSESSMENT EBASED ON EXPOSURE MILES X S=WA DSFALLT
174 MILE AREA 24 HOUR ANALYSIS .

FRESWAY/ARTERIAL
RATIO OF RISH

PATHS FREEWAY RISK ARTERIAL RISK

51-52 70178. 37 S35%4. 50 1. 31
$1-53 81291. 86 S6466. 0 1. 44
51-S4 £667892. 76 466621, 30 1.43
51-5S% 6327%0.89 1226472, 31 0.32
$1-S6 2232023, 90 1123866. 41 0. 20
S2-83 11113, 49 2912.00 3.82
S2-S4 37714, 39 413066. 80 1. 4%
S52-5% 292668. 38 1172917.81 0.2%
s2-56 293208. 27 1070311. 91 0.27
53-S4 =86600. 90 410154, 80 1.43
S3-55 281554, 89 117000%. a1 0. 24
s3-S6 =a7121.90 1067399, 3 0.5%
$4-SS 409139, 39 1270083. 59 0. 32
S4-S6 "714767.00 1167477.69 0.61
$5-56 409720. 39 724102, 10 0. 57
TOTAL/2  Sa8%8813. 38 1139%413.46 o.51
TOTAL 11717627. 36 22790826, 92 0. 51

RATIO OF RISK > 1 INDICATES ARTERIAL TO BE SAFER
RATIOQ OF RISK ( 1 INDICATES FREEWAY 70O HE SAFER

F.21



FIGURE F-10
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TABLE F-11

SUMMARRY OF TOTAL RISK ASSESSMENT BARSED ON VEHICLE OCCUPANTS

PATHS  FREEWAY RISK 22¥ERIQL RISK FREEWAY/ARTERIAL
RATIO OF RISK

51-82 " T330.48 27.54 g 00

S1-83 672. 24 ~ 38.91 €. 80

51-54 1648. 34 222. 44 7. 41

$1-85 | 486. 10 275.95 1.76

51-86 81. 02 317.91 0.5

s2-53 341.76 71.37 4.79

52-54 1317. 86 194.90 €. 76

52~55 1370. 16 248. 41 : 5. 52

S2-56 411.50 290, 37 1.42

S3-54 976. 10 123, 53 7.90

53-85 1028. 40 | 177.04 | S.81

$3-56 753. 26 219. 00 3. 44

54-85 483. 32 185. 51 2. 61

S4-S6 352. 78 227, 47 1.55

55-56 632. 55 191. 38 3. 31

TOTAL/2 10aes.a7 za71.73 3.73

TOTAL 21771.74 S743. 46 3.79

RATIO OF RISK > 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK (¢ 1| INDICATES FREEWAY TO BE SAFER

F.23



TOTAL RISK FASTOR
(Thousands

VEHIC

FIGURE F-11
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TABLE F-12

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON VEHICLE OCCUPANTS

PATHS -  FREEWAY RISK :;$2;IQL RISK FREEWAY/ARTERIAL
. RATIO OF RISK

s1-s2 S a7 84 Tz a1

51-83 13s. 31 - 98.91 1.37

51-S4 427. 34 222, 44 1.92

S1-85 196.96 275. 9% 0.71

S1-S6 81.02 317.91 0.25

s2-83 £a. 82 71.37 0. 96

s2-S4 360. 85 194. 90 1.85

S52-55 329. 62 ' 248. 41 1.33

52-86 147. 51 290. 37 0. 51

53-S4 292. 03 123.53 2. 36

§3-85 Z€0. 80 177.04 _ 1.47

S3-56 . 216.33 219. 00 0.99

S4-55 184.67 185. 51 1.00

S4-S6 147.17 227. 47 0.65

S5-56 115, 94 191. 38 0.61

TGTAL/2 3030. 86 2871.73 T 1.06

TOTAL 6061, 72 5743. 46 1.06

RATIO OF RISK » 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ 1 INDICATES FREEWAY TO BE SAFER

F.25



FIGURE F-12

VEHICLE OCCUPANT RISK NIGHT
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TABLE F-13

SUMMARY OF TOTARL RISK ASSESSMENT BASED ON CIRCUITY FACTOR

ONE WAY TOTAL DISTANCE

PATHS FREEWAY MILES ARTERIAL MILES FREEWAY/ARTERIAL
RATIO OF RISK
51-52 1.59 T 1.31 1,21
S1-83 2.76 2. 01 1.37
S1-54 8.57 S. 42 1.58
S1-S5 6.12 7.€6 0. 80
51-S6 2.23 6. 82 0.33
s2-83 1.17 0. 70 1.67
s2~54 €.98 4.11 1.70
s2-S5 4.97 €. 35 0.78
s2-86 3. 82 S. 51 0.69
S3-S4 s. 81 3. 41 1.70
S3-55 3. 80 4.65 0. 82
" 83-86 4.71 4.81 0.9¢,
54~85 4.99 s. 88 0.85
S4-S6 5. 90 S. 04 1.17
S5-56 3.89 3.88 1.00
TOTAL/2 e7.31 67.56 W
TOTAL 134. 62 135. 12 1.00

RATIO OF RISK ) 1 INDICATES ARTERIAL TO BE SAFER
RATIO OF RISK ¢ 1 INDICATES FREEWAY TO BE SAFER
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FIGURE F-13
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TABLE F-14

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON EXPOSURE MILES

172 MILE AREA 24 HOUR ANALYSIS
AND S3-S6 NOT INCLUDED
ARTERIAL RISK

81-86, S2-26,
PATHS FREEWAY RISK

FREEWRY/ARTERIAL
RATIO OF RISK

S1-52 13578. 98
S1-83 19840.09
S1-84¢ 87114.83
S1-83 73709.70
sa2-s3 6261. 11
S52-S4 73535. 85
Se-85 72635. 92
§3-S4 67274.74
S3-55 €6374.81
S4-SS5 34617.01
§4-86 40204. 37
§5-86 33304. 44

- 8306. 81

12287.73.

36840.35

127172. 11

3980.92
28533. 54

118865. 30

114884. 38

120875. 22

157117.29

1323082. 45

1.63
1.61
2. 36

0.358

2.58

0.61

2.74

0.58

TOTAL/2 5344351.85

TOTAL 1188903. 70

a88s718. 72

1771437, 44
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TABLE F-15

SUMMARY OF TOTAL RISK ASSESSMENT BASED ON SEGMENT RISKS PER MILE
1/2 MILE AREA 24 HOUR ANALYSIS

S1-86, S2-56, AND S3-S6 NOT INCLUDED

PATHS FREEWAY RISK ARTERIAL RISK FREEWAY/ARTERIAL

RATIO OF RISK

s1-s2 $371. 22 4840, 52 1. 11
S1-S3 9945, 04 12964, 85 0.77
S1-S4 20674. 20 15076. 34 1,37
S1-S% 18%507. 6% 42493, 3% 0. 44
52-53 4%73. a2 8124, 33 0.%6
s2-54 15302. 98 1023%. 82 1.%0
s2-55% 21498. 13 376%2.83 - 0.57
83-54 10729. 16 2111.49 s.08
53-5% 16924. 31 29528. S50 0.57
S4-5% 9094. 43 29672, 35 0. 31
54-56 s362. 82 57524. 90 0.03
55-56 11557.97 4%098. 81 0.26
TOTAL/2 149%41, 79 29%325. 09 0.51
TOTAL 299083. %8 590650. 18 0. 51
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TABLE F-16

SUMMARY OF TOTAL RISK ASSESSMENT- 1/2 MILE AREA 24 HOUR ANALYSIS

PATHS FREEWAY RISK ARTERIAL RISK FREEWAY/ARTERIAL
RATIO OF RISK

si-sz 8ss0.24 €341.08 1.3 77
S1-53 13891.61 12028. 11 1.15

S1-S4 40401, 07 19228. 29 2.10

S51-85 36187.58 68968, 19 0.52

51-S€ 15463. 04 104058, 70 0. 15

52-83 5351, 37 S687.03 0. %4

S2-54 31860.83 12887.21 2. 47

s2-55 38133.53 62627. 11 0.61

Sz-S6 26003, 28 97717.62 0. 25

53-S4 26509, 46 7200. 18 3.68

S3-55 32788. 16 SE940. 08 0.58

83-56 29354. 65 92030. 59 ‘ 0.32

S4-55 16426, 40 58696, 92 0. 28

S4-56 14445, B4 93787. 43 0.15

S5-S6 20724, 54 75794. 05 0. 27

TCTAL/E 354087. 60 773992.58 0. 46

ToTAL 708175, 20 1547385, 16 0. 46
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FIGURE F-16

TOTAL RISK 1/2 MILE 24 HOURS
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